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SENSING INTEGRITY DETERMINATION 
BASED ON CARDOVASCULAR PRESSURE 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/058,093, entitled, “SENSING 
INTEGRITY DETERMINATION BASED ON CARDIO 
VASCULAR PRESSURE, and filed on Jun. 2, 2008, the 
entire content of which is incorporated herein by reference. 

TECHNICAL FIELD 

0002 The disclosure relates to implantable medical 
devices, and, more particularly, to monitoring integrity of 
components associated with implantable medical devices. 

BACKGROUND 

0003) A wide variety of implantable medical devices for 
delivering a therapy or monitoring a physiologic condition 
have been clinically implanted or proposed for clinical 
implantation in patients. Some implantable medical devices 
may employ one or more elongated electrical leads and/or 
sensors. Such implantable medical devices may deliver 
therapy or monitor the heart, muscle, nerve, brain, stomach or 
other organs. In some cases, implantable medical devices 
deliver electrical stimulation therapy and/or monitor physi 
ological signals via one or more electrodes or sensor ele 
ments, which may be included as part of one or more elon 
gated implantable medical leads. Implantable medical leads 
may be configured to allow electrodes or sensors to be posi 
tioned at desired locations for delivery of stimulation or sens 
ing. For example, electrodes or sensors may be located at a 
distal portion of the lead. A proximal portion of the lead may 
be coupled to an implantable medical device housing, which 
may contain electronic circuitry Such as stimulation genera 
tion and/or sensing circuitry. 
0004 For example, implantable medical devices, such as 
cardiac pacemakers or implantable cardioverter defibrilla 
tors, provide therapeutic stimulation to the heart by delivering 
electrical therapy signals such as pulses or shocks for pacing, 
cardioversion or defibrillation pulses via electrodes of one or 
more implantable leads. In some cases, such an implantable 
medical device may sense for intrinsic depolarizations of the 
heart, and control the delivery of such signals to the heart 
based on the sensing. When an abnormal rhythm is detected, 
Such as bradycardia, tachycardia or fibrillation, an appropri 
ate electrical signal or signals (e.g., in the form of pulses) may 
be delivered to restore the normal rhythm. For example, in 
Some cases, an implantable medical device may deliver pac 
ing, cardioversion or defibrillation signals to the heart of the 
patient upon detecting Ventricular tachycardia, and deliver 
cardioversion or defibrillation electrical signals to a patient's 
heart upon detecting ventricular fibrillation. 

SUMMARY 

0005. In general, the disclosure is directed to techniques 
for discriminating electrical noise from sensed heart signals 
based on cardiovascular pressure. The pressure may be 
sensed at any suitable location within the heart, Such as within 
the right atrium, right ventricle, left atrium or the left ven 
tricle, or outside the heart, such as within a blood vessel. The 
sensed pressure varies based on the mechanical contraction 
and relaxation of the heart and, in some cases, the flow of 
blood within the heart or out of the heart associated with such 
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mechanical contraction. The sensed pressure may be, for 
example, a systolic pressure, diastolic pressure, a pulse pres 
Sure, a maximum and minimum derivative of sensed pressure 
(S), or any combination thereof. 
0006 Cardiovascular pressure may be relatively regular 
during a tachyarrhythmia episode, Such as a ventricular 
tachycardia episode, a Ventricular fibrillation episode or a 
non-sustained tachyarrhythmia (NST) episode. In this way, 
the pressure may be used to determine the integrity of the 
tachyarrhythmia episode sensing. Although the mean pres 
Sure during tachyarrhythmia may change relative to the mean 
pressure during sinus rhythm, in Some examples, cardiovas 
cular pressure may exhibit relatively low peak-to-peak vari 
ability during a tachyarrhythmia episode, which may be simi 
lar to the variability during sinus rhythm. A tachyarrhythmia 
episode may be characterized by the presence of a threshold 
number of tachyarrhythmia events, which may be a heart 
cycle (or a "cardiac cycle') having a duration less than or 
equal a threshold duration. A regular pressure may be indi 
cated by, for example, a low variance in cardiovascular pres 
Sure values that are associated with tachyarrhythmia events 
(e.g., which may reflect sensed heart depolarizations) of the 
tachyarrhythmia episode. Accordingly, during a tach 
yarrhythmia episode or during normal contraction of the heart 
(in the absence of an arrhythmia), measured pressure associ 
ated with the tachyarrhythmia events or regular sinus rhythms 
may have a relatively low variance, e.g., within a particular 
threshold percentage of a mean, median, maximum, mini 
mum, or another threshold pressure value or successive heart 
cycles may be associated with pressure values in a particular 
range. 

0007. A relatively high variance in the measured or calcu 
lated pressure associated with a detected tachyarrhythmia 
episode may indicate that the detected tachyarrhythmia epi 
sode was a false positive, which may be attributable to elec 
trical noise. The electrical noise may be at least partially 
generated by a lead-related condition, Such as a change in the 
structure of the lead (e.g., a fractured conductor, loose set 
screw, or a change in the electrical insulation), or electromag 
netic interference. The electrical noise may not be synchro 
nized with the heart contractions, and, therefore, may not be 
associated with a regular pressure cycle. Accordingly, if elec 
trical noise is characterized as a heart signal, the sensed (or 
measured) pressure associated with the detected heart depo 
larizations may not match up with a regular pressure cycle. 
The measured pressures associated with each tachyarrhyth 
mia event that is detected based on the mischaracterized elec 
trical noise may have a greater variation compared to the true 
or appropriately measured pressures that correspond to true 
heart cycles. 
0008 Cardiovascular pressure variance may be used to 
confirm whether a detected tachyarrhythmia episode is a true 
episode or a false positive detection of a tachyarrhythmia 
episode. In some examples, stimulation to the patient's heart 
may be controlled based on a detection of a tachyarrhythmia 
episode and a cardiovascular pressure. For example, upon 
detecting a tachyarrhythmia episode, stimulation may be 
delivered only after determining that the pressure associated 
with the heart cycles used to detect the tachyarrhythmia epi 
sode are regular (e.g., have a low variance) and indicative of 
a sensed tachyarrhythmia. In this way, monitoring a pressure 
within the heart may be useful for detecting false positive 
tachyarrhythmia episodes and preventing unnecessary deliv 
ery of stimulation to the heart. 
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0009. In other examples, heart pressure variance may be 
used to generate a sensing integrity alert or indication. For 
example, if a non-sustained tachyarrhythmia (NST) episode 
is detected, a medical device may determine whether the 
cardiovascular pressure values associated with the tach 
yarrhythmia events of the NST episode were regular, e.g., 
varied by less than a threshold percentage or value. A NST 
episode is a tachyarrhythmia episode in the sense that it may 
comprise, for example, a train of relatively short heart cycles 
(e.g., tachyarrhythmia events). However, the short cycles of a 
NST do not meet the requirements for triggeringatherapeutic 
response. If the pressure was not regular, e.g., had a variability 
greater than a threshold value, the medical device may 
attribute the NST episode detection to electrical noise. 
0010. In some examples, a medical device delivering 
stimulation therapy to the heart of the patient may operate 
under a different mode or with different parameters and/or 
therapies upon generation of the sensing integrity alert or 
indication. In addition or instead, the sensing integrity alert or 
indication may be used to notify the patient and/or a clinician 
that medical attention is desirable. 
0011. In some examples, other aspects of the cardiovascu 
lar pressures associated with tachyarrhythmia events are con 
sidered instead of, or in addition to, variance for controlling 
delivery of stimulation, changing a stimulation or sensing 
mode, or generating an integrity alert. A mean or median of 
the associated pressure values may be considered, for 
example. As another example, a determination of whether a 
threshold number of the associated pressures are above or 
below a threshold may be considered. 
0012. In one aspect, the disclosure is directed to a method 
comprising detecting a tachyarrhythmia episode of a heart of 
a patient, where the tachyarrhythmia episode comprises a 
plurality of detected tachyarrhythmia events, analyzing a plu 
rality of cardiovascular pressure values, each of the pressure 
values being associated with a respective one of the tach 
yarrhythmia events, and generating an indication based on the 
analysis of the plurality of pressure values. 
0013. In another aspect, the disclosure is directed to a 
system comprising a pressure sensor that monitors a pressure 
within a heart of a patient, and a processor that detects a 
tachyarrhythmia episode of the heart, wherein the tach 
yarrhythmia episode comprises a plurality of tachyarrhyth 
mia events, analyzes a plurality of cardiovascular pressure 
values, each of the pressure values being associated with a 
respective one of the tachyarrhythmia events, and generates 
an indication based on the analysis of the plurality of pressure 
values. 

0014. In another aspect, the disclosure is directed to a 
system comprising means for detecting a tachyarrhythmia 
episode of a heart of a patient, where the tachyarrhythmia 
episode comprises a plurality of detected tachyarrhythmia 
events, means for analyzing a plurality of cardiovascular 
pressure values, each of the pressure values being associated 
with a respective one of the tachyarrhythmia events, and 
means for generating an indication based on the analysis of 
the plurality of pressure values 
0015. In another aspect, the disclosure is directed to a 
computer-readable medium containing instructions. The 
instructions cause a programmable processor to detect a tach 
yarrhythmia episode of a heart of a patient, where the tach 
yarrhythmia episode comprises a plurality of detected tach 
yarrhythmia events, analyze a plurality of cardiovascular 
pressure values, each of the pressure values associated with a 

Dec. 3, 2009 

respective one of the tachyarrhythmia events, and generate an 
indication based on the analysis of the plurality of pressure 
values. 
0016. In another aspect, the disclosure is directed to a 
computer-readable medium containing instructions. The 
instructions cause a programmable processor to perform any 
whole or part of the techniques described herein. 

BRIEF DESCRIPTION OF DRAWINGS 

0017 FIG. 1 is a conceptual diagram illustrating an 
example therapy system. 
0018 FIG. 2 is a conceptual diagram illustrating the medi 
cal device and leads of the therapy system of FIG. 1 in greater 
detail. 
0019 FIG. 3 is a conceptual diagram illustrating another 
example therapy system. 
0020 FIG. 4 is a functional block diagram of an example 
implantable medical device that delivers stimulation to a 
heart of a patient and measures a pressure within the heart. 
0021 FIG. 5 is a functional block diagram of an example 
medical device programmer. 
0022 FIG. 6A illustrates an electrogram (EGM) that indi 
cates electrical activity within a heart of a patient and a graph 
of pressure measurements within the heart. 
0023 FIG. 6B illustrates an EGM that indicates a true 
Ventricular tachycardia event of a patient. 
0024 FIG. 7A illustrates a conceptual electrocardiogram, 
a conceptual electrogram with electrical noise, and a concep 
tual graph of measured pressure values over time. 
0025 FIG. 7B is a table illustrating example pressure val 
CS. 

0026 FIG. 8 is a flow diagram of an example technique for 
controlling therapy delivery to a heart of a patient based on a 
variance of pressure within the heart. 
0027 FIG. 9 is a flow diagram of another example tech 
nique for controlling therapy delivery to a heart of a patient 
upon the detection of a Ventricular tachycardia episode based 
on a variance of pressure within the heart. 
0028 FIG. 10 is a flow diagram of an example technique 
for counting the number of short intervals. 
0029 FIG. 11 is a flow diagram of another example tech 
nique for controlling therapy delivery to a heart of a patient 
upon the detection of a ventricular fibrillation episode based 
on a variance of pressure within the heart. 
0030 FIG. 12 is a flow diagram of an example technique 
for generating a sensing integrity indication based on the 
detection of a non-Sustained tachyarrhythmia episode and a 
variance of pressure within the heart. 
0031 FIG. 13 is a block diagram illustrating an example 
system that includes an external device. Such as a server, and 
one or more computing devices that are coupled to the IMD 
and programmer shown in FIG. 1 via a network. 

DETAILED DESCRIPTION 

0032 FIG. 1 is a conceptual diagram illustrating an 
example therapy system 10 that may be used to provide 
therapy to heart 12 of patient 14. Patient 12 ordinarily, but not 
necessarily, will be a human. Therapy system 10 includes 
IMD 16, which is coupled to leads 18, 20, and 22, and pro 
grammer 24. IMD 16 may be, for example, an implantable 
pacemaker, cardioverter, and/or defibrillator that provides 
electrical signals to heart 12 via electrodes coupled to one or 
more of leads 18, 20, and 22. 
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0033 Leads 18, 20, 22 extend into the heart 12 of patient 
16 to sense electrical activity of heart 12 and/or deliver elec 
trical stimulation to heart 12. In the example shown in FIG. 1, 
right ventricular (RV) lead 18 extends through one or more 
veins (not shown), the Superior Vena cava (not shown), and 
right atrium 26, and into right ventricle 28. Left ventricular 
(LV) coronary sinus lead 20 extends through one or more 
veins, the Vena cava, right atrium 26, and into the coronary 
sinus 30 to a region adjacent to the free wall of left ventricle 
32 of heart 12. Right atrial (RA) lead 22 extends through one 
or more veins and the Vena cava, and into the right atrium 26 
of heart 12. 
0034 IMD 16 may sense electrical signals attendant to the 
depolarization and repolarization of heart 12 via electrodes 
(not shown in FIG. 1) coupled to at least one of the leads 18, 
20, 22. In some examples, IMD 16 provides pacing pulses to 
heart 12 based on the electrical signals sensed within heart 12. 
The configurations of electrodes used by IMD 16 for sensing 
and pacing may be unipolar or bipolar. IMD 16 may also 
provide defibrillation therapy and/or cardioversion therapy 
via electrodes located on at least one of the leads 18, 20, 22. 
IMD 16 may detectarrhythmia of heart 12, such as fibrillation 
of ventricles 28 and 32, and deliver defibrillation therapy to 
heart 12 in the form of electrical pulses. In some examples, 
IMD 16 may be programmed to deliver a progression of 
therapies, e.g., pulses with increasing energy levels, until a 
fibrillation of heart 12 is stopped. IMD 16 detects fibrillation 
employing one or more fibrillation detection techniques 
known in the art. 
0035. In some examples, programmer 24 may be a hand 
held computing device or a computer workstation. Program 
mer 24 may include a user interface that receives input from 
a user. The user interface may include, for example, a keypad 
and a display, which may for example, be a cathode ray tube 
(CRT) display, a liquid crystal display (LCD) or light emitting 
diode (LED) display. The keypad may take the form of an 
alphanumeric keypad or a reduced set of keys associated with 
particular functions. Programmer 24 can additionally or alter 
natively include a peripheral pointing device. Such as a 
mouse, via which a user may interact with the user interface. 
In some embodiments, a display of programmer 24 may 
include a touch screen display, and a user may interact with 
programmer 24 via the display. 
0036. A user, such as a physician, technician, or other 
clinician, may interact with programmer 24 to communicate 
with IMD 16. For example, the user may interact with pro 
grammer 24 to retrieve physiological or diagnostic informa 
tion from IMD 16. A user may also interact with programmer 
24 to program IMD 16, e.g., select values for operational 
parameters of the IMD. 
0037 For example, the user may use programmer 24 to 
retrieve information from IMD 16 regarding the rhythm of 
heart 12, trends therein over time, or tachyarrhythmia epi 
sodes. As another example, the user may use programmer 24 
to retrieve information from IMD 16 regarding other sensed 
physiological parameters of patient 14, Such as intracardiac or 
intravascular pressure, activity, posture, respiration, or tho 
racic impedance. As another example, the user may use pro 
grammer 24 to retrieve information from IMD 16 regarding 
the performance or integrity of IMD 16 or other components 
of system 10, such as leads 18, 20, and 22, or a power source 
of IMD 16. 
0038. The user may use programmer 24 to program a 
therapy progression, select electrodes used to deliver defibril 
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lation pulses, select waveforms for the defibrillation pulse, or 
select or configure a fibrillation detection algorithm for IMD 
16. The user may also use programmer 24 to program aspects 
of other therapies provided by IMD 14, such as cardioversion 
or pacing therapies. In some examples, the user may activate 
certain features of IMD 16 by entering a single command via 
programmer 24, Such as depression of a single key or com 
bination of keys of a keypad or a single point-and-select 
action with a pointing device. 
0039 IMD 16 and programmer 24 may communicate via 
wireless communication using any techniques known in the 
art. Examples of communication techniques may include, for 
example, low frequency or radiofrequency (RF) telemetry, 
but other techniques are also contemplated. In some 
examples, programmer 24 may include a programming head 
that may be placed proximate to the patient’s body near the 
IMD 16 implant site in order to improve the quality or security 
of communication between IMD 16 and programmer 24. 
0040 FIG. 2 is a conceptual diagram illustrating IMD 16 
and leads 18, 20, 22 of therapy system 10 in greater detail. 
Leads 18, 20, 22 may be electrically coupled to a stimulation 
generator, a sensing module, or other modules IMD 16 via 
connector block 34. In some examples, proximal ends of 
leads 18, 20, 22 may include electrical contacts that electri 
cally couple to respective electrical contacts within connector 
block 34. In addition, in some examples, leads 18, 20, 22 may 
be mechanically coupled to connector block 34 with the aid of 
set screws, connection pins or another Suitable mechanical 
coupling mechanism. 
0041. Each of the leads 18, 20, 22 includes an elongated 
insulative lead body, which may carry a number of concentric 
coiled conductors separated from one another by tubular 
insulative sheaths. In the illustrated example, a pressure sen 
sor 38 and bipolar electrodes 40 and 42 are located proximate 
to a distal end of lead 18. In addition, bipolar electrodes 44 
and 46 are located proximate to a distal end of lead 20 and 
bipolar electrodes 48 and 50 are located proximate to a distal 
end of lead 22. In FIG. 2, pressure sensor 38 is disposed in 
right ventricle 28. Pressure sensor 30 may respond to an 
absolute pressure inside right ventricle 28, and may be, for 
example, a capacitive or piezoelectric absolute pressure sen 
sor. In other examples, pressure sensor 30 may be positioned 
within other regions of heart 12 and may monitor pressure 
within one or more of the other regions of heart 12, or may be 
positioned elsewhere within or proximate to the cardiovascu 
lar system of patient 14 to monitor cardiovascular pressure 
associated with mechanical contraction of the heart. 

0042 Electrodes 40, 44 and 48 may take the form of ring 
electrodes, and electrodes 42, 46 and 50 may take the form of 
extendable helix tip electrodes mounted retractably within 
insulative electrode heads 52,54 and 56, respectively. Each of 
the electrodes 40, 42, 44, 46, 48 and 50 may be electrically 
coupled to a respective one of the coiled conductors within 
the lead body of its associated lead 18, 20, 22, and thereby 
coupled to respective ones of the electrical contacts on the 
proximal end of leads 18, 20 and 22. 
0043. Electrodes 40, 42, 44, 46, 48 and 50 may sense 
electrical signals attendant to the depolarization and repolar 
ization of heart 12. The electrical signals are conducted to 
IMD 16 via the respective leads 18, 20, 22. In some examples, 
IMD 16 also delivers pacing pulses via electrodes 40, 42, 44. 
46, 48 and 50 to cause depolarization of cardiac tissue ofheart 
12. In some examples, as illustrated in FIG. 2, IMD 16 
includes one or more housing electrodes, such as housing 
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electrode 58, which may be formed integrally with an outer 
surface of hermetically-sealed housing 60 of IMD 16 or oth 
erwise coupled to housing 60. In some examples, housing 
electrode 58 is defined by an uninsulated portion of an out 
ward facing portion of housing 60 of IMD 16. Other division 
between insulated and uninsulated portions of housing 60 
may be employed to define two or more housing electrodes. In 
Some examples, housing electrode 58 comprises Substantially 
all of housing 60. Any of the electrodes 40, 42, 44, 46, 48 and 
50 may be used for unipolar sensing or pacing in combination 
with housing electrode 58. As described in further detail with 
reference to FIG. 4, housing 60 may enclose a stimulation 
generator that generates cardiac pacing pulses and defibrilla 
tion or cardioversion shocks, as well as a sensing module for 
monitoring the patient's heart rhythm. 
0044 Leads 18, 20, 22 also include elongated electrodes 
62, 64, 66, respectively, which may take the form of a coil. 
IMD 16 may deliver defibrillation pulses to heart 12 via any 
combination of elongated electrodes 62, 64, 66, and housing 
electrode 58. Electrodes 58, 62, 64, 66 may also be used to 
deliver cardioversion pulses to heart 12. Electrodes 62, 64, 66 
may be fabricated from any suitable electrically conductive 
material. Such as, but not limited to, platinum, platinum alloy 
or other materials known to be usable in implantable defibril 
lation electrodes. 

0045 Pressure sensor 38 may be coupled to one or more 
coiled conductors within lead 18. In FIG. 2, pressure sensor 
38 is located more distally on lead 18thanelongated electrode 
62. In other examples, pressure sensor 38 may be positioned 
more proximally than elongated electrode 62, rather than 
distal to electrode 62. Further, pressure sensor 38 may be 
coupled to another one of the leads 20, 22 in other examples, 
or to a lead other than leads 18, 20, 22 carrying stimulation 
and sense electrodes. In addition, in Some examples, pressure 
sensor 38 may be self-contained device that is implanted 
within heart 12, Such as within the septum separating right 
ventricle 28 from left ventricle 32, or the septum separating 
right atrium 26 from left atrium 33. In such an example, 
pressure sensor 38 may wirelessly communicate with IMD 
16. 

0046. The configuration of therapy system 10 illustrated in 
FIGS. 1 and 2 is merely one example. In other examples, a 
therapy system may include epicardial leads and/or patch 
electrodes instead of or in addition to the transvenous leads 
18, 20, 22 illustrated in FIG. 1. Further, IMD 16 need not be 
implanted within patient 14. In examples in which IMD 16 is 
not implanted inpatient 14, IMD 16 may deliver defibrillation 
pulses and other therapies to heart 12 via percutaneous leads 
that extend through the skin of patient 14 to a variety of 
positions within or outside of heart 12. 
0047. In other examples of therapy systems that provide 
electrical stimulation therapy to heart 12, a therapy system 
may include any suitable number of leads coupled to IMD 16, 
and each of the leads may extend to any location within or 
proximate to heart 12. For example, other examples of 
therapy systems may include three transvenous leads located 
as illustrated in FIGS. 1 and 2, and an additional lead located 
within or proximate to left atrium 33. As another example, 
other examples of therapy systems may include a single lead 
that extends from IMD 16 into right atrium 26 or right ven 
tricle 28, or two leads that extend into a respective one of the 
right ventricle 26 and right atrium 28. An example of this type 
of therapy system is shown in FIG. 3. 
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0048 FIG. 3 is a conceptual diagram illustrating another 
example of therapy system 70, which is similar to therapy 
system 10 of FIGS. 1-2, but includes two leads 18, 22, rather 
than three leads. Leads 18, 22 are implanted within right 
ventricle 28 and right atrium 26, respectively. Therapy system 
70 shown in FIG.3 may be useful for providing defibrillation 
and pacing pulses to heart 12. 
0049 FIG. 4 is a functional block diagram of one example 
configuration of IMD 16, which includes processor 80, 
memory 82, stimulation generator 84, sensing module 86. 
telemetry module 88, power source 90, and pressure sensing 
module 92. Memory 82 includes computer-readable instruc 
tions that, when executed by processor 80, cause IMD 16 and 
processor 80 to perform various functions attributed to IMD 
16 and processor 80 herein. Memory 82 may include any 
Volatile, non-volatile, magnetic, optical, or electrical media, 
Such as a random access memory (RAM), read-only memory 
(ROM), non-volatile RAM (NVRAM), electrically-erasable 
programmable ROM (EEPROM), flash memory, or any other 
digital media. 
0050 Processor 80 may include any one or more of a 
microprocessor, a controller, a digital signal processor (DSP), 
an application specific integrated circuit (ASIC), a field-pro 
grammable gate array (FPGA), or equivalent discrete or inte 
grated logic circuitry. In some examples, processor 80 may 
include multiple components, such as any combination of one 
or more microprocessors, one or more controllers, one or 
more DSPs, one or more ASICs, or one or more FPGAs, as 
well as other discrete or integrated logic circuitry. The func 
tions attributed to processor 80 herein may be embodied as 
software, firmware, hardware or any combination thereof. 
Processor 80 controls stimulation generator 84 to deliver 
stimulation therapy to heart 12 according to a selected one or 
more of therapy programs, which may be stored in memory 
82. Specifically, processor 44 may control stimulation gen 
erator 84 to deliver electrical pulses with the amplitudes, 
pulse widths, frequency, or electrode polarities specified by 
the selected one or more therapy programs. 
0051 Stimulation generator 84 is electrically coupled to 
electrodes 40, 42, 44, 46, 48, 50, 58,62, 64, and 66, e.g., via 
conductors of the respective lead 18, 20, 22, or, in the case of 
housing electrode 58, via an electrical conductor disposed 
within housing 60 of IMD 16. Stimulation generator 84 is 
configured to generate and deliver electrical stimulation 
therapy to heart 12. For example, stimulation generator 84 
may deliver defibrillation shocks to heart 12 via at least two 
electrodes 58, 62. 64, 66. Stimulation generator 84 may 
deliverpacing pulses via ring electrodes 40, 44, 48 coupled to 
leads 18, 20, and 22, respectively, and/or helical electrodes 
42, 46, and 50 of leads 18, 20, and 22, respectively. In some 
examples, stimulation generator 84 delivers pacing, cardio 
version, or defibrillation stimulation in the form of electrical 
pulses. In other examples, stimulation generator may deliver 
one or more of these types of stimulation in the form of other 
signals, such as sine waves, square waves, or other Substan 
tially continuous time signals. 
0.052 Stimulation generator 84 may include a switch mod 
ule and processor 80 may use the switch module to select, 
e.g., via a data/address bus, which of the available electrodes 
are used to deliver defibrillation pulses or pacing pulses. The 
Switch module may include a Switch array, Switch matrix, 
multiplexer, or any other type of Switching device Suitable to 
selectively couple stimulation energy to selected electrodes. 
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0053 Sensing module 86 monitors signals from at least 
one of electrodes 40, 42, 44, 46, 48, 50, 58, 62, 64 or 66 in 
order to monitor electrical activity of heart 12, e.g., via elec 
trocardiogram (ECG) signals. Sensing module 86 may also 
include a switch module to select which of the available 
electrodes are used to sense the heart activity. In some 
examples, processor 80 may select the electrodes that func 
tion as sense electrodes via the Switch module within sensing 
module 86, e.g., by providing signals via a data/address bus. 
In some examples, sensing module 86 includes one or more 
sensing channels, each of which may comprises an amplifier. 
In response to the signals from processor 80, the switch 
module of within sensing module 86 may couple the outputs 
from the selected electrodes to one of the sensing channels. 
0054. In some examples, one channel of sensing module 
86 may include an R-wave amplifier that receives signals 
from electrodes 40 and 42, which are used for pacing and 
sensing in right ventricle 28 of heart 12. Another channel may 
include another R-wave amplifier that receives signals from 
electrodes 44 and 46, which are used for pacing and sensing 
proximate to left ventricle 32 of heart 12. In some examples, 
the R-wave amplifiers may take the form of an automatic gain 
controlled amplifier that provides an adjustable sensing 
threshold as a function of the measured R-wave amplitude of 
the heart rhythm. 
0055. In addition, in some examples, one channel of sens 
ing module 86 may include a P-wave amplifier that receives 
signals from electrodes 48 and 50, which are used for pacing 
and sensing in right atrium 26 of heart 12. In some examples, 
the P-wave amplifier may take the form of an automatic gain 
controlled amplifier that provides an adjustable sensing 
threshold as a function of the measured P-wave amplitude of 
the heart rhythm. Examples of R-wave and P-wave amplifiers 
are described in U.S. Pat. No. 5,117,824 to Keimel et al., 
which issued on Jun. 2, 1992 and is entitled, “APPARATUS 
FORMONITORINGELECTRICAL PHYSIOLOGIC SIG 
NALS, and is incorporated herein by reference in its entirety. 
Other amplifiers may also be used. Furthermore, in some 
examples, one or more of the sensing channels of sensing 
module 86 may be selectively coupled to housing electrode 
58, or elongated electrodes 62, 64, or 66, with or instead of 
one or more of electrodes 40, 42, 44, 46, 48 or 50, e.g., for 
unipolar sensing of R-waves or P-waves in any of chambers 
26, 28, or 32 of heart 12. 
0056. In some examples, sensing module 86 includes a 
channel that comprises an amplifier with a relatively wider 
pass band than the R-wave or P-wave amplifiers. Signals from 
the selected sensing electrodes that are selected for coupling 
to this wide-band amplifier may be provided to a multiplexer, 
and thereafter converted to multi-bit digital signals by an 
analog-to-digital converter for storage in memory 82 as an 
electrogram (EGM). In some examples, the storage of Such 
EGMs in memory 82 may be under the control of a direct 
memory access circuit. Processor 80 may employ digital sig 
nal analysis techniques to characterize the digitized signals 
stored in memory 82 to detect and classify the patient's heart 
rhythm from the electrical signals. Processor 80 may detect 
and classify the heart rhythm of patient 14 by employing any 
of the numerous signal processing methodologies known in 
the art. 

0057. If IMD 16 is configured to generate and deliver 
pacing pulses to heart 12, processor 80 may include pacer 
timing and control module, which may be embodied as hard 
ware, firmware, software, or any combination thereof. The 
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pacer timing and control module may comprise a dedicated 
hardware circuit. Such as an ASIC, separate from other pro 
cessor 80 components, such as a microprocessor, or a soft 
ware module executed by a component of processor 80, 
which may be a microprocessor or ASIC. The pacer timing 
and control module may include programmable counters 
which control the basic time intervals associated with DDD, 
VVI, DVI, VDD, AAI, DDI, DDDR, VVIR, DVIR, VDDR, 
AAIR, DDIR and other modes of single and dual chamber 
pacing. In the aforementioned pacing modes, "D' may indi 
cate dual chamber, “V” may indicate a ventricle, “I” may 
indicate inhibited pacing (e.g., no pacing), and “A” may indi 
cate an atrium. The first letter in the pacing mode may indicate 
the chamber that is paced, the second letter may indicate the 
chamber in which an electrical signal is sensed, and the third 
letter may indicate the chamber in which the response to 
sensing is provided. 
0.058 Intervals defined by the pacer timing and control 
module within processor 80 may include atrial and ventricu 
lar pacing escape intervals, refractory periods during which 
sensed P-waves and R-waves are ineffective to restart timing 
of the escape intervals, and the pulse widths of the pacing 
pulses. As another example, the pace timing and control mod 
ule may define a blanking period, and provide signals from 
sensing module 86 to blank one or more channels, e.g., ampli 
fiers, for a period during and after delivery of electrical stimu 
lation to heart 12. The durations of these intervals may be 
determined by processor 80 in response to stored data in 
memory 82. The pacer timing and control module of proces 
Sor 80 may also determine the amplitude of the cardiac pacing 
pulses. 
0059. During pacing, escape interval counters within the 
pacer timing/control module of processor 80 may be reset 
upon sensing of R-waves and P-waves. Stimulation generator 
84 may include pacer output circuits that are coupled, e.g., 
selectively by a Switching module, to any combination of 
electrodes 40, 42, 44, 46, 48, 50,58, 62, or 66 appropriate for 
delivery of a bipolar or unipolar pacing pulse to one of the 
chambers of heart 12. Processor 80 may reset the escape 
interval counters upon the generation of pacing pulses by 
stimulation generator 84, and thereby control the basic timing 
of cardiac pacing functions, including anti-tachyarrhythmia 
pacing. 
0060. The value of the count present in the escape interval 
counters when reset by sensed R-waves and P-waves may be 
used by processor 80 to measure the durations of R-R inter 
vals, P-P intervals, P-R intervals and R-Pintervals, which are 
measurements that may be stored in memory 82. Processor 80 
may use the count in the interval counters to detect a tach 
yarrhythmia event, such as ventricular fibrillation event or 
Ventricular tachycardia event. Upon detecting a threshold 
number of tachyarrhythmia events, processor 80 may identify 
the presence of a tachyarrhythmia episode, such as a ventricu 
lar fibrillation episode, a ventricular tachycardia episode, or a 
non-sustained tachycardia (NST) episode. As described in 
further detail below, processor 80 may, in some examples, 
deliver anti-tachyarrhythmia stimulation to heart 12 if the 
tachyarrhythmia events of the tachyarrhythmia episode are 
associated with relatively regular cardiovascular pressure val 
ues (which may be measured within heart 12 or otherwise 
within the cardiovascular system of patient 14), or if pressures 
associated with the episode are otherwise considered indica 
tive of actual tachyarrhythmia. Examples oftachyarrhythmia 
episodes that may qualify for delivery of responsive therapy 
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include a ventricular fibrillation episode or a ventricular tach 
yarrhythmia episode. In the case of a NST, however, proces 
Sor 80 may not meet the requirements for triggering a thera 
peutic response, and, thus, processor 80 may continue normal 
operation if the pressures associated with the tachyarrhyth 
mia episode are indicative of actual tachyarrhythmia. 
0061. In some examples, the pressure may be considered 
appropriate if the pressure variance between the tach 
yarrhythmia events is below a threshold percentage. As 
described in further detail below, pressure variance may refer 
to differences between pressure values associated with suc 
cessive tachyarrhythmia events or differences between mea 
Sured pressures and a mean or median of the measured pres 
SUCS. 

0062. In some examples, processor 80 may operate as an 
interrupt driven device, and is responsive to interrupts from 
pacer timing and control module, where the interrupts may 
correspond to the occurrences of sensed P-waves and 
R-waves and the generation of cardiac pacing pulses. Any 
necessary mathematical calculations to be performed by pro 
cessor 80 and any updating of the values or intervals con 
trolled by the pacer timing and control module of processor 
80 may take place following such interrupts. A portion of 
memory 82 may be configured as a plurality of recirculating 
buffers, capable of holding series of measured intervals, 
which may be analyzed by processor 80 in response to the 
occurrence of a pace or sense interrupt to determine whether 
the patient's heart 12 is presently exhibiting atrial or ventricu 
lar tachyarrhythmia. 
0063. In some examples, an arrhythmia detection method 
may include any Suitable tachyarrhythmia detection algo 
rithms. In one example, processor 80 may utilize all or a 
subset of the rule-based detection methods described in U.S. 
Pat. No. 5,545,186 to Olson et al., entitled, “PRIORITIZED 
RULE BASED METHOD AND APPARATUS FOR DIAG 
NOSIS AND GREATMENT OF ARRHYTHMIAS, which 
issued on Aug. 13, 1996, or in U.S. Pat. No. 5,755,736 to 
Gilberg et al., entitled, “PRIORITIZED RULE BASED 
METHOD AND APPARATUS FOR DIAGNOSIS AND 
TREATMENT OF ARRHYTHMIAS, which issued on May 
26, 1998. U.S. Pat. No. 5,545,186 to Olson et al. and U.S. Pat. 
No. 5,755,736 to Gilberg et al. are incorporated herein by 
reference in their entireties. However, other arrhythmia detec 
tion methodologies may also be employed by processor 80 in 
other examples. 
0064. In the examples described herein, processor 80 may 
identify the presence of an atrial or ventricular tachyarrhyth 
mia episode by detecting a series of tachyarrhythmia events 
(e.g., R-R or P-P intervals having a duration less than or equal 
to a threshold) of an average rate indicative of tachyarrhyth 
mia or an unbroken series of short R-R or P-P intervals. The 
thresholds for determining the R-R or P-P interval that indi 
cates a tachyarrhythmia event may be stored within memory 
82 of IMD 16. In addition, the number of tachyarrhythmia 
events that are detected to confirm the presence of a tach 
yarrhythmia episode may be stored as a number of intervals to 
detect (NID) threshold value in memory 82. In some 
examples, processor 80 may also identify the presence of the 
tachyarrhythmia episode by detecting a variable coupling 
interval between the R-waves of the heart signal. For 
example, if the interval between successive tachyarrhythmia 
events varies by a particular percentage or the differences 
between the coupling intervals are higher than a given thresh 
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old over a predetermined number of Successive cycles, pro 
cessor 80 may determine that the tachyarrhythmia is present. 
0065. If processor 80 detects an atrial or ventricular tach 
yarrhythmia based on signals from sensing module 86, and an 
anti-tachyarrhythmia pacing regimen is desired, timing inter 
vals for controlling the generation of anti-tachyarrhythmia 
pacing therapies by Stimulation generator 84 may be loaded 
by processor 80 into the pacer timing and control module to 
control the operation of the escape interval counters therein 
and to define refractory periods during which detection of 
R-waves and P-waves is ineffective to restart the escape inter 
Val counters. 

0066. If IMD 16 is configured to generate and deliver 
defibrillation pulses to heart 12, stimulation generator 84 may 
include a high Voltage charge circuit and a high Voltage output 
circuit. In the event that generation of a cardioversion or 
defibrillation pulse is required, processor 80 may employ the 
escape interval counter to control timing of Such cardiover 
sion and defibrillation pulses, as well as associated refractory 
periods. In response to the detection of atrial or ventricular 
fibrillation or tachyarrhythmia requiring a cardioversion 
pulse, processor 80 may activate a cardioversion/defibrilla 
tion control module, which may, like pacertiming and control 
module, be a hardware component of processor 80 and/or a 
firmware or software module executed by one or more hard 
ware components of processor 80. The cardioversion/ 
defibrillation control module may initiate charging of the 
high Voltage capacitors of the high Voltage charge circuit of 
stimulation generator 84 under control of a high Voltage 
charging control line. 
0067 Processor 80 may monitor the voltage on the high 
Voltage capacitor, e.g., via a Voltage charging and potential 
(VCAP) line. In response to the voltage on the high voltage 
capacitor reaching a predetermined value set by processor 80. 
processor 80 may generate a logic signal that terminates 
charging. Thereafter, timing of the delivery of the defibrilla 
tion or cardioversion pulse by stimulation generator 84 is 
controlled by the cardioversion/defibrillation control module 
of processor 80. Following delivery of the fibrillation or 
tachycardia therapy, processor 80 may return stimulation 
generator 84 to a cardiac pacing function and await the next 
Successive interrupt due to pacing or the occurrence of a 
sensed atrial or ventricular depolarization. 
0068. Stimulation generator 84 may deliver cardioversion 
or defibrillation pulses with the aid of an output circuit that 
determines whether a monophasic or biphasic pulse is deliv 
ered, whether housing electrode 58 serves as cathode or 
anode, and which electrodes are involved in delivery of the 
cardioversion or defibrillation pulses. Such functionality may 
be provided by one or more switches or a switching module of 
stimulation generator 84. 
0069 Pressure sensing module 92 receives pressure sig 
nals from pressure sensor 38. Pressure sensor 38 may gener 
ate pressure signals itself or may modulate pressure signals 
conducted through lead 18. The pressure signals are a func 
tion of the fluid pressure at the site where pressure sensor 38 
is disposed. In example shown in FIGS. 2 and 3, pressure 
sensor 38 is disposed in right ventricle 28 of heart 12. Pressure 
sensing module 92 may receive, monitor, and analyze the 
pressure signals, as will be described in more detail below. An 
example of a suitable pressure sensing module 92 includes the 
Chronicle Implantable Hemodynamic Monitor manufactured 
by Medtronic, Inc. of Minneapolis, Minn. 
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0070. In some examples described below, processor 80 
may receive a signal indicative of a cardiovascular pressure 
from pressure sensing module 92 and determine whether a 
detected tachyarrhythmia episode is a true episode or is based 
on detected electrical noise. For example, if the pressure 
values associated with tachyarrhythmia events (e.g., a heart 
cycle having a duration less than a threshold value) of the 
tachyarrhythmia episode are relatively regular, processor 80 
may determine that the detected tachyarrhythmia episode was 
a true episode. In the examples described herein, a duration of 
a heart cycle (or a “cardiac cycle') may be measured between 
successive R or P waves, which in the case of fibrillation may 
be referred to as “fib' waves. This duration may also be 
referred to as an R-R or P-P interval. Although described 
below with reference to ventricular tachyarrhythmia, 
R-waves, and R-R intervals, the techniques described in this 
disclosure may also be applied in the context of detection of 
atrial tachyarrhythmia. As described below, based on this 
determination, processor 80 may control stimulation genera 
tor 84 to deliver therapy to heart 12. 
0071. On the other hand, if processor 80 determines that 
the pressure values associated with the tachyarrhythmia 
events of the tachyarrhythmia episode are not regular (e.g., 
vary by more thana threshold amount relative to each other or 
relative to a mean or median value of the pressure values 
associated with the tachyarrhythmia events), processor 80 
may identify the detected tachyarrhythmia episode as an 
inappropriately detected episode. As described below, based 
on this determination, processor 80 may control stimulation 
generator 84 to withhold therapy and processor 80 may gen 
erate a sensing integrity alert. This alert may indicate to a 
patient or clinician that a review of the integrity of leads 18, 
20, 22 is desirable or recommended. 
0072 Pressures sensing module 92, or, alternatively, pro 
cessor 80, may measure, observe, or derive different pressure 
characteristics from the signals generated by pressure sensor 
38. For example, in embodiments when pressure sensor 38 
generates a signal indicative of the pressure within right ven 
tricle 28, pressure sensing module 92 may measure the right 
Ventricular systolic pressure by observing a peak pressure in 
right ventricle 28, and the right ventricular diastolic pressure 
may be measured by observing the pre-systolic low pressure 
in right ventricle 28. Pulse pressure may be the difference 
between the right ventricular systolic pressure and the right 
Ventricular diastolic pressure. 
0073. Another pressure characteristic that pressure sens 
ing module 92 may measure include the right ventricular 
mean pressure, which is the mean pressure in right ventricle 
28 during a cardiac cycle. A cardiac cycle (or “heart cycle') 
typically includes at least a Q-wave, an R-wave, and an 
S-wave. Estimated pulmonary artery diastolic pressure 
(EPAD) is another pressure characteristic that may be indica 
tive of activity within heart 12, which pressure sensing mod 
ule 92 may monitor. EPAD reflects the pulmonary capillary 
wedge pressure, which reflects the average pressure in left 
atrium 33 over a cardiac cycle, which may also be referred to 
as the mean left atrial pressure. EPAD may also reflect the 
filling pressure in left ventricle 32 during diastole, also called 
the left ventricular end diastolic pressure. Techniques for 
measuring EPAD is described in U.S. Pat. No. 7,058,450 to 
Struble et al., entitled, “ORGANIZING DATA ACCORD 
ING TO CARDIAC RHYTHM TYPE, which issued on Jun. 
6, 2006 and is incorporated herein by reference in its entirety. 
Again, in various examples, pressure may be measured in 
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other chambers of heart 12, or other locations within the 
cardiovascular system of patient 14. Such as within a pulmo 
nary artery. 
0074 Telemetry module 88 includes any suitable hard 
ware, firmware, Software or any combination thereof for com 
municating with another device, such as programmer 24 
(FIG.1). Under the control of processor 80, telemetry module 
88 may receive downlink telemetry from and send uplink 
telemetry to programmer 24 with the aid of an antenna, which 
may be internal and/or external. Processor 80 may provide the 
data to be uplinked to programmer 24 and the control signals 
for the telemetry circuit within telemetry module 88, e.g., via 
an address/data bus. In some examples, telemetry module 88 
may provide received data to processor 80 via a multiplexer. 
0075. In some examples, processor 80 may transmit atrial 
and Ventricular heart signals (e.g., electrocardiogram signals) 
produced by atrial and Ventricular sense amp circuits within 
sensing module 86 to programmer 24. Programmer 24 may 
interrogate IMD 16 to receive the heart signals. Processor 80 
may store heart signals within memory 82, and retrieve stored 
heart signals from memory 82. Processor 80 may also gener 
ate and store marker codes indicative of different cardiac 
episodes that sensing module 86 detects, and transmit the 
marker codes to programmer 24. An example pacemaker with 
marker-channel capability is described in U.S. Pat. No. 4.374, 
382 to Markowitz, entitled, "MARKER CHANNEL 
TELEMETRY SYSTEM FOR A MEDICAL DEVICE 
which issued on Feb. 15, 1983 and is incorporated herein by 
reference in its entirety. 
0076. The various components of IMD 16 are coupled to 
power source 90, which may include a rechargeable or non 
rechargeable battery. A non-rechargeable battery may be 
selected to last for several years, while a rechargeable battery 
may be inductively charged from an external device, e.g., on 
a daily or weekly basis. 
0077 Although FIG. 4 illustrates pressure sensing module 
92 as a separate component from processor 80, in other 
examples, processor 80 may include the functionality attrib 
uted to pressure sensing module 92 herein. For example, 
pressure sensing module 92 shown in FIG. 4 may include 
software executed by processor 80. If pressure sensing mod 
ule 92 includes firmware or hardware, pressure sensing mod 
ule 92 may be a separate one of the one or more processors 80 
or may be a part of a multifunction processor. As previously 
described, processor 80 may comprise one or more proces 
SOS. 

0078. Further, in other examples of therapy system 10, 
pressure sensing module 92 may be separate from IMD 16. 
That is, although pressure sensing module 92 is shown in FIG. 
4 to be incorporated within housing 60 of IMD 16 along with 
other components such as processor 80, stimulation generator 
84 and sensing module 86, in other examples, pressure sens 
ing module 92 may be enclosed in a separate housing. The 
stand-alone pressure sensing module that is enclosed in a 
separate housing from IMD 16 housing 60 may be mechani 
cally coupled to IMD 16 or may be mechanically decoupled 
from IMD 16. For example, in some examples, pressure sens 
ing module 92 and pressure sensor 38 may be implanted 
withinpatient 14 at a separate location from IMD 16 and leads 
18, 20, 22. Pressure sensing module 92 may communicate 
with IMD 16 via a wired connection or via wireless commu 
nication techniques, such as RF telemetry. 
0079. In yet other examples of therapy system 10, pressure 
sensing module 92 may be external to patient 14 and may 
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receive signals from an implanted pressure sensor 38 via 
wireless telemetry. For example, programmer 24, which may 
be a patient programmer or a clinician programmer, may 
include pressure sensing module 92. As another example, a 
computing device other than programmer 24 may include 
pressure sensing module 92. In some examples, data from 
pressure sensor 38 and sensing module 86 may be uploaded to 
a remote server, from which a clinician or another user may 
access the data to determine whether a potential sensing 
integrity issue exists. An example of a remote server includes 
the Care link Network, available from Medtronic, Inc. of 
Minneapolis, Minn. An example of a system that includes an 
external device, such as a server, and one or more computing 
devices that are coupled to IMD 16 and programmer 24 via a 
network is described below with respect to FIG. 13. 
0080 Further, in some examples, a pressure sensor may be 
external to patient 14 and sense the cardiovascular pressure of 
patient 14 externally. The external pressure sensor may com 
municate with IMD 16 via wireless communication tech 
niques. 
0081 FIG. 5 is block diagram of an example programmer 
24. As shown in FIG. 5, programmer 24 includes processor 
100, memory 102, user interface 104, telemetry module 106, 
and power source 108. Programmer 24 may be a dedicated 
hardware device with dedicated software for programming of 
IMD 16. Alternatively, programmer 24 may be an off-the 
shelf computing device running an application that enables 
programmer 24 to program IMD 16. 
0082. A user may use programmer 24 to select therapy 
programs (e.g., sets of stimulation parameters), generate new 
therapy programs, modify therapy programs through indi 
vidual or global adjustments or transmit the new programs to 
a medical device, such as IMD 16 (FIG. 1). The clinician may 
interact with programmer 24 via user interface 104, which 
may include display to present graphical user interface to a 
user, and a keypad or another mechanism for receiving input 
from a user. 

0.083 Processor 100 can take the form one or more micro 
processors, DSPs, ASICs, FPGAs, programmable logic cir 
cuitry, or the like, and the functions attributed to processor 
102 herein may be embodied as hardware, firmware, software 
or any combination thereof. Memory 102 may store instruc 
tions that cause processor 100 to provide the functionality 
ascribed to programmer 24 herein, and information used by 
processor 100 to provide the functionality ascribed to pro 
grammer 24 herein. Memory 102 may include any fixed or 
removable magnetic, optical, or electrical media, such as 
RAM, ROM, CD-ROM, hard or floppy magnetic disks, 
EEPROM, or the like. Memory 102 may also include a 
removable memory portion that may be used to provide 
memory updates or increases in memory capacities. A remov 
able memory may also allow patient data to be easily trans 
ferred to another computing device, or to be removed before 
programmer 24 is used to program therapy for another 
patient. Memory 102 may also store information that controls 
therapy delivery by IMD 16, such as stimulation parameter 
values. 
0084 Programmer 24 may communicate wirelessly with 
IMD 16. Such as using RF communication or proximal induc 
tive interaction. This wireless communication is possible 
through the use of telemetry module 102, which may be 
coupled to an internal antenna or an external antenna. An 
external antenna that is coupled to programmer 24 may cor 
respond to the programming head that may be placed over 
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heart 12, as described above with reference to FIG.1. Telem 
etry module 102 may be similar to telemetry module 88 of 
IMD 16 (FIG. 4). 
I0085 Telemetry module 102 may also be configured to 
communicate with another computing device via wireless 
communication techniques, or direct communication through 
a wired connection. Examples of local wireless communica 
tion techniques that may be employed to facilitate communi 
cation between programmer 24 and another computing 
device include RF communication according to the 802.11 or 
Bluetooth specification sets, infrared communication, e.g., 
according to the IrDA standard, or other standard or propri 
etary telemetry protocols. In this manner, other external 
devices may be capable of communicating with programmer 
24 without needing to establish a secure wireless connection. 
I0086 Power source 108 delivers operating power to the 
components of programmer 24. Power source 108 may 
include a battery and a power generation circuit to produce 
the operating power. In some embodiments, the battery may 
be rechargeable to allow extended operation. Recharging may 
be accomplished by electrically coupling power source 108 to 
a cradle or plug that is connected to an alternating current 
(AC) outlet. In addition or alternatively, recharging may be 
accomplished through proximal inductive interaction 
between an external charger and an inductive charging coil 
within programmer 24. In other embodiments, traditional 
batteries (e.g., nickel cadmium or lithium ion batteries) may 
be used. In addition, programmer 24 may be directly coupled 
to an alternating current outlet to power programmer 24. 
Power source 104 may include circuitry to monitor power 
remaining within a battery. In this manner, user interface 104 
may provide a current battery level indicator or low battery 
level indicator when the battery needs to be replaced or 
recharged. In some cases, power source 108 may be capable 
of estimating the remaining time of operation using the cur 
rent battery. 
I0087. Referring again to FIG.4, processor 80 of IMD 16 
may detect a tachyarrhythmia episode, Such as a ventricular 
fibrillation, ventricular tachycardia, fast ventricular tach 
yarrhythmia episode, or a NST episode, based on electrocar 
diographic activity of heart 12 that is monitored via sensing 
module 86. For example, sensing module 86, with the aid of 
at least some of the electrodes 40, 42, 44, 46, 48, 50, 58, 62, 
64, and 66 (shown in FIGS. 1-2), may generate an electrocar 
diogram (ECG) or electrogram (EGM) signal that indicates 
the electrocardiographic activity. Alternatively, sensing mod 
ule 86 may be coupled to sense electrodes that are separate 
from the stimulation electrodes that deliver electrical stimu 
lation to heart 12 (shown in FIGS. 1-3), and may be coupled 
to one or more different leads than leads 18, 20, 22 (shown in 
FIGS. 1-2). The ECG signal may be indicative of the depo 
larization of heart 12. 
I0088 For example, as previously described, in some 
examples, processor 80 may identify the presence of a tach 
yarrhythmia episode by detecting a threshold number oftach 
yarrhythmia events (e.g., R-R or P-P intervals having a dura 
tion less than or equal to a threshold). In some examples, 
processor 80 may also identify the presence of the tach 
yarrhythmia episode by detecting a variable coupling interval 
between the R-waves of the heart signal. 
I0089. In some cases, electrical noise may interfere with 
the ability of IMD 16 to accurately and precisely detect a 
tachyarrhythmia episode. For example, IMD 16 may sense 
electrical noise and interpret the electrical noise as an ECG/ 
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EGM signal. This may cause IMD 16 to oversense the heart 
rhythms, and, in some cases, erroneously detect a tach 
yarrhythmia event based on the electrical noise. For example, 
processor 80 of IMD 16 may interpret electrical noise as a 
heart rhythm, and detect the presence of a tachyarrhythmia 
episode or event (e.g., a heart cycle measured between suc 
cessive R-waves that has a duration less than a threshold 
value) based on the electrical noise. Depending on the Source 
of the electrical noise, the electrical noise may present itself 
as a relatively fast rhythm, which processor 80 may interpret 
as one or more tachyarrhythmia events, which may then be 
used to detectatachyarrhythmia episode. As described above, 
in some examples, the IMD may detect the presence of a 
tachyarrhythmia episode by determining whether a certain 
number of intervals of a particular number of total intervals 
have a certain duration, e.g., whether a certain number of 
intervals are considered tachyarrhythmia events. 
0090. Oversensing of the heart rhythms may result in inap 
propriate withholding or delivery of electrical stimulation to 
heart 12. For example, oversensing may cause the IMD to 
detect a tachycardia or fibrillation episode when heart 12 is in 
a normal sinus rhythm, which may result in the inappropriate 
delivery of a high Voltage shock therapy. 
0091 Electrical noise that IMD 16 characterizes as heart 
rhythms may be attributable to different sources. In some 
examples, electrical noise may be attributable to a lead-re 
lated condition, which may include, for example, a change in 
the structure of at least a part of the lead. For example, a 
conductor within the lead may fracture or electrical insulation 
of one of the conductors within the lead may change, thereby 
causing conductors to contact one another or with body fluids 
and resulting in a low impedance or a short circuit. In other 
cases, a lead conductor may fracture and exhibit an intermit 
tent or continuous open circuit resulting in intermittent or 
continuous high impedance. The lead-related condition may 
occur during implantation of the lead or after implantation of 
lead, as stresses are applied to the lead during movement of 
patient 14 and/or from regular movement of heart 12. 
0092. As another example, a lead-related condition may 
occur when an electrical connection between IMD 16 and an 
electrical contact of a lead becomes intermittently or continu 
ously disrupted. For example, set screws may loosen, which 
may result in the lead gradually loosening from IMD 16. The 
disruption of the connection between the electrical contact of 
a lead and the IMD may result in an open circuit or a high 
impedance circuit. 
0093 Pressure sensing module 92 of IMD 16 generates a 
signal indicative of a cardiovascular pressure, which may be 
used to discriminate electrical noise from heart signals (e.g., 
an EGM signal). As described above, in different embodi 
ments, pressure sensing module 92 may monitor a pressure 
within right atrium 26, right ventricle 28, coronary sinus 30, 
left atrium 33, or other regions of heart 12. Instead or in 
addition to sensing a pressure within heart 12, pressure sens 
ing module 92 may sense a pressure within the vasculature of 
patient 12, e.g., within a vein. Accordingly, while a pressure 
within right ventricle 28 is primarily referred to with refer 
ence to FIGS. 6-12, in other examples, pressure sensing mod 
ule 92 may monitor a pressure within other portions of heart 
12 or vasculature to help discriminate electrical noise from 
heart signals. 
0094 FIG. 6A illustrates an electrogram (EGM) 120 that 
indicates electrical activity within right ventricle 28 of heart 
12 (measured in millivolts), and a pressure graph 122 that 
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indicates pressure measurements within right ventricle 28 
(measured in millimeters of mercury (mmHg)) over time. 
EGM 120 and pressure graph 122 were generated using a 
heart of a human Subject, and are shown to conceptually 
illustrate a relationship between cardiovascular pressure vari 
ance and tachyarrhythmia events. 
(0095. A first portion 124 of EGM 120 indicates a regular 
heart rhythm (e.g., a regular sinus rhythm) that is character 
ized by heart cycles having a duration within a particular 
range of values. In some examples, the heart cycle may be 
measured between successive R-waves or P-waves. A second 
portion 126 of EGM 120, beginning at time “0” indicates a 
faster heart rhythm, which is indicative of the occurrence of 
heart cycles due to rapid Ventricular pacing (which might be 
similar in nature to Ventricular tachycardia events due to their 
duration) used to induce ventricular fibrillation during device 
testing. Thus, while second portion 126 does not reflect true 
Ventricular tachycardia events, the heart cycles shown in por 
tion 126 will be referred to as representative ventricular 
tachycardia events. 
0096. In FIG. 6A, the representative ventricular tachycar 
dia events continue for about 3 seconds, at which time, the 
heart rhythm further shortens upon induction of ventricular 
fibrillation via a synchronized shock on the T-wave, indicat 
ing the occurrence of heart cycles having a particular duration 
that characterizes them as ventricular fibrillation events. The 
ventricular fibrillation events are shown in third portion 128 
of EGM 122. At time T1, a defibrillation shock is delivered to 
heart 12 in order to return heart 12 to a normal rhythm, 
indicated by fourth portion 130 of EGM 120. 
0097. Pressure graph 122 illustrates pressure measure 
ments within right ventricle 28 over time. The pressure 
changes within right ventricle 28 may correspond to the con 
traction of heart 12 and the flow of blood through heart 12. As 
heart 12 contracts and blood pumps through right ventricle 28 
(or another region of heart 12 in which a pressure sensor 
measures pressure), the pressure within right ventricle 28 
sensed by pressure sensing module 92 changes. Each heart 
cycle is associated with a pressure cycle that includes a dias 
tolic pressure and a systolic pressure. 
0098. As pressure graph 122 indicates, a relatively regular 
measured pressure cycle may be associated with a heart 
rhythm during a normal sinus rhythm as well as during a 
tachyarrhythmia episode. For example, for each heart cycle in 
first portion 124 of EGM 120, a corresponding pressure cycle 
(i.e., a pressure cycle that generally corresponds in time with 
the heart rhythm) and a pressure cycle associated with the 
previous or successive heart rhythm have a relatively low 
variance. As another example, each heart cycle in first portion 
124 of EGM 120 may be associated with a particular pressure 
value that varies by less than or equal to a threshold percent 
age relative to a mean or median of all of the pressure values 
of in the first portion 124 of EGM 120. Other statistical 
analyses to characterize the variability of the pressure values 
associated with the heart cycles are contemplated. 
0099. The pressure cycle that corresponds to the heart 
cycle generally corresponds in time with the heart cycle and 
has a Surrogate systolic pressure and a Surrogate diastolic 
pressure. The Surrogate systolic pressure may be, for 
example, the maximum pressure in a predetermined pressure 
sensing window, which may be selected by a clinician. In 
Some examples, the pressure sensing window may be selected 
to be equal to or less than an average duration between Suc 
cessive R-waves during the particular tachyarrhythmia epi 
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sode. The pressure sensing window may begin at a predeter 
mined point within the heart cycle, such as at the first R-wave 
if the heart cycle is measured between successive R-waves. A 
Surrogate diastolic pressure may be, for example, the lowest 
pressure measurement during the predetermined pressure 
sensing window. Although R waves are used to describe the 
beginning of a pressure sensing time windows herein, in other 
examples, other portions of a heart wave (such as the P wave, 
Q wave, Swave or T wave) may be used to mark the beginning 
of a pressure sensing time window. 
0100 Regardless of the absolute pressure values during 
the normal heart rhythms 124, or the tachyarrhythmia events 
(at EGM portions 126, 128), the measured pressures within 
right ventricle 28 over time have a relatively low variance 
during the normal heart rhythm 124 and the tachyarrhythmia 
events. In some examples, a pressure variance may refer to a 
difference between the average pressure values, peak pres 
Sure values (e.g., a systolic pressure value), lowest pressure 
values (e.g., a diastolic pressure value), or pulse pressure 
values (a difference between the systolic and diastolic pres 
Sures) of two or more pressure cycles. The pressure cycles 
may or may not be “true' pressure cycles in the sense that the 
detection window for measuring a pressure cycle may change 
depending on whether the detected heart cycle associated 
with the sensed pressure cycle is based on a true heart cycle or 
based on electrical noise. In other examples, a pressure Vari 
ance may refer to a difference between pressure values at a 
particular time (which may be arbitrarily selected by a clini 
cian) during the pressure cycle of two or more successive 
pressure cycles. For example, processor 80 may compare 
pressure measurements at about 10 milliseconds (ms) into the 
pressure sensing time window for Successive pressure cycles. 
0101. As another example, processor 80 may determine 
the cardiovascular pressure values associated with each of the 
detected tachyarrhythmia events are regular, e.g., have a low 
variance, if the pressure associated with at least one tach 
yarrhythmia event varies by no more thana threshold percent 
age compared to the average pressure of at least two or more 
prior tachyarrhythmia events. In some examples, pressure 
variance may refer to differences between measured pressure 
values and a mean or median of the measured pressure values 
of different sensed events. The differences may be absolute. 
In some examples, pressure variance may refer to a mean or 
median value of such differences. 
0102 For example, processor 80 may determine an abso 
lute difference between each of the pressure values associated 
with the detected tachyarrhythmia events and a mean value or 
median value of the pressure values. If the absolute difference 
falls within to a threshold value or a threshold range, proces 
sor 80 may determine that the pressure variance was relatively 
low. 
0103) As another example, processor 80 may determine 
the variability in the pressure values by determining an abso 
lute difference between each of the pressure values associated 
with the detected tachyarrhythmia events and a mean value or 
a median value of the pressure values, and determine a mean 
or median value of the absolute differences. If the mean or 
median value of the absolute differences is within a threshold 
range, e.g., about 5 percent (%) to about 25% of the mean 
value or a median value of the pressure values, processor 80 
may determine that the pressure variance associated with the 
detected tachyarrhythmia events was relatively low. As pre 
viously discussed, a relatively low measured pressure Vari 
ance may indicate that detected tachyarrhythmia events were 
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true events, whereas a relatively high measured pressure Vari 
ance may indicate that the detected tachyarrhythmia events 
were at least partially based on electrical noise. 
0104. In another example, processor 80 may determine 
whether detected tachyarrhythmia events are true events 
based on a derivative of the measured pressure values asso 
ciated with the detected tachyarrhythmia events. That is, pro 
cessor 80 may evaluate the change in pressure values over 
time to determine whether the measured pressure values indi 
cate the detected tachyarrhythmia events were true events, 
e.g., based on actual heart signals. In some cases, each pres 
Sure waveform associated with a true heart cycle may have a 
positive slope and a negative slope in a particular pattern. For 
example, if the true heart cycle is measured between Succes 
sive R-waves, the true pressure cycle associated with the true 
heart cycle may have a positive sloped followed by a negative 
slope. If processor 80 determines that the derivative of the 
measured pressure cycle associated with a detected tach 
yarrhythmia event does not have the predetermined pattern of 
the positive slope and negative slope of a true pressure cycle 
associated with a true heart cycle, processor 80 may deter 
mine that the detected tachyarrhythmia events were at least 
partially detected based on electrical noise. 
0105. The threshold at which the pressure variability is 
considered relatively low, e.g., relatively regular, may be 
selected by a clinician and, in Some examples, may dynami 
cally change based on the measured heart pressures for a 
particular patient. In some examples, processor 80 may deter 
mine that the variance in the heart pressure associated with 
the tachyarrhythmia events is relatively low if the pressure 
variability remains below a predetermined threshold percent 
age, such as about 5% to about 25%, e.g., about 10%. How 
ever, other threshold percentages are contemplated. 
0106. As an example of the relatively low variance in 
pressure associated with normal cardiac cycles 124, point P1 
of EGM 120 indicates an R-wave of a heart rhythm, and point 
P2 of pressure graph 122 indicates the Surrogate systolic 
pressure that correlates to the R wave at point P1. That is, 
point P2 indicates the Surrogate systolic pressure that occurs 
within the predetermined pressure sensing window (i.e., dur 
ing the pressure cycle) following the R-wave indicated by 
point P1. In the example shown in FIG. 6A, the predetermined 
pressure sensing window may be, for example, about 0.5 
seconds to about 1 second, such as about 0.8 seconds. How 
ever, other pressure sensing time windows may be used and 
may be selected Such that the pressure cycles for Successive 
cardiac cycles substantially do not overlap. Point P3 of EGM 
120 indicates an R-wave of a cardiac cycle that follows the 
cardiac cycle including the R-wave at point P1, and point P4 
of pressure graph 122 indicates a Surrogate systolic pressure 
during the pressure cycle that corresponds to the heart rhythm 
including the R-wave at point P3. 
0107 The regularity of the pressure within right ventricle 
28 may be determined based on the pressure values at points 
P2 and P4. For example, if processor 80 determines that the 
Surrogate systolic pressure values at points P2 and P4 are 
within a range of about 10%, then processor 80 may deter 
mine that the heart pressure within right ventricle 28 is rela 
tively regular. In other examples, processor 80 may determine 
whether the pressure within right ventricle 28 is regular based 
on Surrogate diastolic pressures, Surrogate pulse pressures or 
other values, such as a pressure associated with an arbitrary 
point in time within the pressure sensing time window. Fur 
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thermore, more than two pressures may be compared for 
purposes of accessing variability, as described above. 
0108. When processor 80 detects a ventricular tachycardia 
episode, e.g., as indicated by the representative ventricular 
tachycardia events in portion 126 of EGM 120, processor 80 
may determine whether the pressures associated with the 
ventricular tachycardia events of the ventricular tachycardia 
episode are regular. For example, point P5 of EGM 120 may 
be an R-wave of a heart cycle associated with a first repre 
sentative ventricular tachycardia event (e.g., a heart cycle 
having a duration less than or equal to a Ventricular tachycar 
dia threshold value), and point P6 may be the surrogate dias 
tolic pressure during the pressure cycle that corresponds to 
the first representative ventricular tachycardia event. Proces 
sor 80 may determine the surrogate diastolic pressure by 
determining a lowest pressure value during a pressure sensing 
time window that begins at the R-wave at point P5. In the 
example shown in FIG. 6A, the pressure sensing time window 
for determining the pressure of heart 12 during a ventricular 
tachycardia event may be about 0.25 seconds to about 0.5 
seconds, such as about 0.4 seconds, although other time 
ranges are contemplated. 
0109 Point P7 of EGM 120 may bean R-wave of a second 
representative ventricular tachycardia event that immediately 
follows the heart cycle associated with the R-wave at point 
P5. Point P8 may be the surrogate diastolic pressure during 
the pressure cycle that corresponds to the second representa 
tive ventricular tachycardia event that includes the R-wave at 
point P7. Again, processor 80 may determine the surrogate 
diastolic pressure by determining a lowest pressure value 
during a pressure sensing time window that begins at the 
R-wave at point P7. 
0110. The regularity of the pressure within right ventricle 
28 during associated with the first and second representative 
Ventriculartachycardia events (which may or may not amount 
to a Ventricular tachycardia episode) may be determined 
based on the Surrogate diastolic pressure values at points P6 
and P8, or the Surrogate diastolic pressure values associated 
with more than two representative ventricular tachycardia 
events. For example, if processor 80 determines that the sur 
rogate diastolic pressure values at points P6 and P8 are within 
a range of about 10%, then processor 80 may determine that 
the heart pressure within right ventricle 28 is relatively regu 
lar during the occurrence of the representative ventricular 
tachycardia events. In other examples, processor 80 may 
determine whether the pressure within right ventricle 28 is 
regular based on Surrogate systolic pressures, Surrogate pulse 
pressures or other values, such as an average pressure value 
within the pressure sensing time window. 
0111 Again, more than two pressures may be compared 
for purposes of accessing variability, as described above. For 
example, processor 80 may determine that the pressure asso 
ciated with the ventricular tachycardia events is irregular if 
the difference between the pressure value at point P6 and/or 
P8 and the mean pressure value or median pressure value 
associated with two or more of the detected ventricular tachy 
cardia events exceeds a threshold. Alternatively, processor 80 
may determine whether the mean absolute difference 
between the pressure values associated with a respective one 
of two or more ventricular tachycardia events exceeds a 
threshold percentage relative to the mean pressure value. 
0112. When processor 80 of IMD 16 detects ventricular 
fibrillation events, e.g., as indicated by the heart rhythm in 
portion 128 of EGM 120, processor 80 may determine a 
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variability of the pressure values associated with the ventricu 
lar fibrillation events. For example, point P9 of EGM 120 may 
bean R-wave of a heart cycle that indicates a first ventricular 
fibrillation event, and point P10 may be the surrogate pulse 
pressure during the pressure cycle that corresponds to the first 
ventricular fibrillation event. Processor 80 may determine the 
Surrogate diastolic pressure by determining a lowest pressure 
value during a pressure sensing time window that begins at 
the R-wave at point P9. In the example shown in FIG. 6A, the 
pressure sensing time window for determining the pressure of 
heart 12 associated with a ventricular fibrillation event may 
be about 0.05 seconds to about 0.15 seconds, such as about 
0.25 seconds, although other time ranges are contemplated. 
0113 Point P11 of EGM 120 may bean R-wave of a heart 
cycle during a second Ventricular fibrillation event that imme 
diately follows the first ventricular fibrillation event. Point 
P12 may be the Surrogate pulse pressure during the pressure 
cycle that that corresponds to the second ventricular fibrilla 
tion event that includes the R-wave at point P11. Again, 
processor 80 may determine the Surrogate diastolic pressure 
by determining a lowest pressure value during a pressure 
sensing time window that begins at the R-wave at point P11. 
0114. The regularity of the pressure within right ventricle 
28 during the ventricular fibrillation events may be deter 
mined based on the Surrogate diastolic pressure values at 
points P10 and P12. For example, if processor 80 determines 
that the surrogate diastolic pressure values at points P10 and 
P12 are within a range of about 10%, then processor 80 may 
determine that the pressure values within right ventricle 28 
that are associated with the detected ventricular fibrillation 
events are relatively regular (e.g., has a low variability). In 
other examples, processor 80 may determine whether the 
pressure within right ventricle 28 is regular the ventricular 
fibrillation events based on Surrogate systolic pressures, Sur 
rogate diastolic pressures or other values. Again, more than 
two pressures may be compared for purposes of accessing 
variability in Some examples, as described above. 
0115 FIG. 6B illustrates an EGM measured between a 
housing of an IMD and a coil electrode in a right ventricle of 
a human subject, whereby portion 138 illustrates a true ven 
tricular tachycardia episode. In addition, FIG. 6B illustrates a 
graph that represents pressure values associated with the ven 
tricular tachycardia events of the Ventricular tachycardia epi 
sode. As shown in FIG. 6B, the true ventricular tachycardia 
events are associated with regular pressure values having low 
variability. Variability of the measured pressure values or 
derived pressure values may be determined using any of the 
techniques described above. For example, Ventricular tachy 
cardia event 137A is associated with pressure cycle 138A 
(e.g., corresponds in time to pressure cycle 138A) and Ven 
tricular tachycardia event 137B is associated with pressure 
cycle ventricular tachycardia event 138B. Each pressure 
cycle 138A, 138B may have a surrogate systolic, surrogate 
diastolic or a Surrogate pulse pressure value that differs from 
a mean value of all of the pressure cycles that correspond in 
time to ventricular tachycardia episode 138 by less than a 
threshold value. 

0116 FIG. 7A illustrates a conceptual ECG 139, EGM 
140, and pressure graph 141 of pressure values measured in a 
right ventricle of heart 12. ECG 139 illustrates true heart 
cycles during a normal sinus rhythm in which tachyarrhyth 
mia events are not occurring. For example, portions 142A 
142F of ECG 139 and portions 143A-143F EGM 140 illus 
trate true heart cycles measured between Successive R-waves. 
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Heart cycles 142A-142F of ECG 139 generally correspond to 
heart cycles 143A-143F, respectively, of EGM 140. That is, 
heart cycles 142A-142F are the same heart cycles as 143A 
143F, respectively, where ECG 139 illustrates heart signals 
sensed via external electrodes and EGM 140 illustrates heart 
signals sensed via implanted electrodes. 
0117. As shown in FIG. 7A, each heart cycle 142A-142F 
of ECG 139 and each heart cycle 143A-143F is associated 
with a relatively similar pressure cycle 144A-144F, respec 
tively. The pressure cycles 144A-144F have systolic pressure 
values, diastolic pressure values, and pulse pressure values 
within a particular range of each other or within a particular 
percentage of a mean systolic value, mean diastolic pressure 
value or mean pulse pressure value of the pressure cycles 
143A-143F. The different types of pressure values associated 
with the heart cycles 142A-142F (or 143A-143F) are shown 
in the table of FIG. 7B. 
0118. The conceptual EGM 140 illustrates electrical noise 
within portions 143C, 143D, and 143E. If processor 80 
receives EGM 140 from sensing module 86, processor 80 
may characterize the electrical noise as sensed heart rhythms. 
Accordingly, in some cases, processor 80 may determine 
whether a tachyarrhythmia episode is occurring based on the 
electrical noise, rather than a heart rhythm. For example, 
processor 80 may determine that portions G-N of EGM 140 is 
a heart rhythm that indicates Ventricular tachycardia events 
due to, e.g., the short time interval of each noise cycle, which 
may be mistaken for a heart rhythm. Thus, instead of charac 
terizing the true heart cycle 143C as such, sensing module 86 
may provide a signal to processor 80 that indicates portions 
G-J are detected heart cycles within the same time frame as 
the true heart cycle 143C. Portions G-J of EGM 140 are 
measured between waves that appear to be R-waves, but are 
not true R-waves because the portions G-J represent electrical 
noise. Electrical noise may have successive short (e.g., less 
than about 140 ms) intervals. The duration of an interval (e.g., 
between successive R-waves or P-waves) that constitutes a 
“short interval may be less than the duration of time required 
to characterize a heart cycle as a ventricular tachycardia event 
or a ventricular fibrillation event. 
0119 Similarly, sensing module 86 may provide a signal 

to processor 80 that indicates portions K-O are detected heart 
cycles within the same time frame as the true heart cycle 
143E. Portions K-O of EGM 140 are measured between 
waves that appear to be R-waves, but are not true R-waves 
because the portions K-O are based on electrical noise. 
0120. As FIG. 7A illustrates, erroneously detected tach 
yarrhythmia events that are caused by electrical noise are not 
associated with relatively regular cardiovascular pressures. 
For example, processor 80 may characterize portion P of 
pressure graph 141 as a pressure cycle that is associated with 
the detected ventricular tachyarrhythmia event G. As shown 
in FIG.7B, the measured pressure values of the pressure cycle 
Passociated with detected ventricular tachyarrhythmia event 
G differ from the true pressure cycles 144A-144F that are 
associated with the true heart cycles 142A-142F and 143A 
143F, respectively. Similarly, processor 80 may characterize 
portions U-W of pressure graph 141 as pressure cycles asso 
ciated with the detected ventricular tachyarrhythmia events 
H-J, respectively. 
0121. As FIG. 7B illustrates, the ventricular tachyarrhyth 
mia events H-O detected at least partially based on electrical 
noise may not be associated with relatively similar pressure 
values. Processor 80 may determine the pressure values (e.g., 
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systolic, diastolic, and pulse pressure values) based on a 
pressure sensing window that begins at the characterized 
R-wave for the associated detected heart cycle. For example, 
processor 80 may characterize point P13 of EGM 140 as a 
first R-wave of the detected ventricular tachyarrhythmia 
event H. Processor 80 may determine the surrogate systolic 
pressure by determining a highest pressure value during a 
pressure sensing time window that begins at the characterized 
R-wave at point P13. In FIG. 7A, the surrogate systolic pres 
sure for pressure cycle U associated with the detected tach 
yarrhythmia event H is at point P14. In the example shown in 
FIG. 7A, the pressure sensing time window for determining 
the pressure of heart 12 during a Ventricular tachycardia epi 
sode may be about 0.25 seconds to about 0.5 seconds, such as 
about 0.4 seconds, although other time ranges are contem 
plated. The pressure sensing time window may restart if pro 
cessor 80 detects another heart cycle (e.g., at the beginning of 
another R-wave) before the pressure sensing time window 
associated with the previous heart cycle expires. 
0.122 Processor 80 may also characterize point P15 of 
EGM 140 as an R-wave of a heart cycle associated with the 
detected ventricular tachyarrhythmia event J. The detected 
heart cycle including the detected R-wave at point P15 may 
have a duration that qualifies the heart cycle as a ventricular 
tachycardia event. Point P16 may be the surrogate systolic 
pressure during the pressure cycle that corresponds to the 
heart cycle including the R-wave at point P15. That is, in FIG. 
7A, the Surrogate systolic pressure for pressure cycle Wasso 
ciated with the detected tachyarrhythmia event J is at point 
P16. Again, processor 80 may determine the Surrogate sys 
tolic pressure by determining a highest pressure value during 
a pressure sensing time window that begins at the character 
ized R-wave at point P15. 
I0123. The regularity of the pressure within right ventricle 
28 during the detected ventricular tachycardia events may be 
determined based on the Surrogate systolic pressure values at 
points P14 and P16. For example, if processor 80 determines 
that the Surrogate systolic pressure values at points P14 and 
P16 are within a range of about 10%, then processor 80 may 
determine that the heart pressure within right ventricle 28that 
is associated with the detected ventricular tachycardia events 
is relatively regular. In other examples, processor 80 may 
determine whether the pressure within right ventricle 28 is 
regular during the detected Ventricular tachycardia episode 
based on Surrogate diastolic pressures, Surrogate pulse pres 
Sures or other values, such as an average pressure value within 
the pressure sensing time window. 
0.124. In other examples, processor 80 may determine that 
the pressure associated with the Ventricular tachycardia 
events is irregular if the difference between pressure values 
associated with each detected Ventricular tachycardia event 
G-O and the mean pressure value or median pressure value 
associated with two or more of the detected ventricular tachy 
cardia events G-O exceeds a threshold. Alternatively, proces 
sor 80 may determine whether the mean absolute difference 
between the pressure values associated with a respective one 
of two or more ventricular tachycardia events G-O exceeds a 
threshold percentage relative to the mean pressure value. 
Although two pressure values P14 and P16 are described with 
respect to FIG. 7A, in other examples, processor 80 may 
determine the pressure variability based on the pressure val 
ues associated with more than two tachyarrhythmia events. 
(0.125. As FIG. 7B further illustrates, the true heart cycles 
142A/143A, 142B/143B, and 142D/143D may have substan 
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tially similar derivative values (dp/dt), which is generally the 
change of the pressure values over time. In contrast, the 
detected heart cycles based on electrical noise may have 
varying derivative values (dp/dt). For example, in the value 
shown in FIG. 7B, true heart cycle 142A/143A has a maxi 
mum change in pressure (dp/dt) of about 3, whereas electrical 
noise cycle from which tachyarrhythmia event J is detected 
has a maximum change in pressure of about 0.3. As another 
example, true heart cycle 142B/143B has a minimum change 
in pressure (dp/dt) of about -3, whereas electrical noise cycle 
from which tachyarrhythmia event G is detected has a mini 
mum change in pressure of about 0. The values shown in FIG. 
7B are merely shown for conceptual purposes to illustrate 
differences in pressure changes that may be present between 
true heart cycles and heart cycles detected based on actual 
noise. The numerical values shown in FIG. 7B are not 
intended to illustrate actual pressure change (dp/dt) values. 
0126 Processor 80 may determine that detected tach 
yarrhythmia events are true events if the change in pressure of 
the associated pressure cycles are within a particular range of 
a mean or median change in pressure of at least two or more 
detected tachyarrhythmia events. The range may be stored 
within memory 82 as a percentage of the mean or median 
change in pressure of at least two or more detected tach 
yarrhythmia events. 
0127. As conceptually shown in FIG. 7A, the pressure 
cycles are not associated with the noise cycles of EGM 140. 
Because electrical noise is not related to activity of heart 12, 
processor 80 may associate each detected tachyarrhythmia 
event that is detected based on noise with pressures at varying 
points along the pressure cycle of heart 12. In contrast, as 
shown in FIGS. 6A and 7A, a heart cycle in a regular sinus 
rhythm or during a tachyarrhythmia event may be associated 
with true pressure cycles of heart 12. Thus, the pressure value 
associated with each regular sinus rhythm or tachyarrhythmia 
event may be measured substantially similar points along a 
pressure cycle. As a result, the variance between pressures 
associated with each heart rhythm may be less than a prede 
termined threshold value. On the other hand, because electri 
cal noise that is mischaracterized as a heart rhythm does not 
correspond to pressure cycles, heart pressures associated with 
the noise-based cycles may have a greater variation. For 
example, the Surrogate diastolic and systolic pressures in the 
pressure sensing time windows associated with each detected 
noise rhythm may vary by more than the predetermined 
threshold value. 
0128. In some examples, processor 80 of IMD 16 may 
monitor a variance in the pressure within right ventricle 28 or 
another portion of heart 12 or the broader cardiovascular 
system to confirm that a detected arrhythmia episode is an 
actual arrhythmia episode. In addition, processor 80 of IMD 
16 may monitor a pressure variance within heart 12 or car 
diovascular system to determine whether therapy system 10 
may be oversensing heart rhythms, e.g., due to compromised 
integrity of one of the leads 18, 20, 22 or due to another source 
of electrical noise. As described below, upon determining that 
the integrity of one of the leads 18, 20, 22 may be compro 
mised or excessive noise is detected by sensing module 86 
(FIG. 1), processor 80 may generate a sensing integrity indi 
cation. 
0129. The sensing integrity indication may be used for 
later analysis of therapy system 10 by a clinician or to gen 
erate an alert to patient 14 that therapy system 10 may need to 
be checked by a clinician. In some examples, processor 80 
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may recommend a corrective action upon alerting a clinician. 
For example, processor 80 may recommend that one of the 
leads 18, 20, 22 be checked for a loose connection with 
connector block 34 of IMD 16. In addition, in some examples, 
processor 80 may change the sensing electrode configuration 
(e.g., from a bipolar configuration to unipolar configuration) 
upon generating the sensing integrity indication. 
0.130 FIG. 8 is a flow diagram illustrating an example 
technique for controlling delivery of stimulation by IMD 16 
based on a variance of cardiovascular pressure. While FIGS. 
8-12 are described with reference to components of IMD 16, 
in other examples, another device may performany part of the 
techniques described herein. 
I0131 Processor 80 may detect a tachyarrhythmia episode 
(146), which may be, for example, a ventricular fibrillation 
episode, a Ventriculartachycardia episode or a fast ventricular 
tachycardia episode. Processor 80 may implement any Suit 
able technique to detect a tachyarrhythmia episode (146). In 
Some examples, processor 80 may detect a tachyarrhythmia 
episode by determining a particular number of tachyarrhyth 
mia events are detected. A tachyarrhythmia event may 
include a heart cycle that has an R-R interval that is less than 
a predetermined duration threshold value. Different threshold 
values may be used to characterize the heart cycle as a ven 
tricular fibrillation event, a ventricular tachycardia event or a 
fast ventricular tachycardia event. The threshold duration 
values for determining whether an R-R interval qualifies the 
heart cycle as a tachyarrhythmia event may be stored within 
memory 82 of IMD 16. In other examples, other techniques 
for detecting a tachyarrhythmia episode may be used. 
0.132. Upon detecting the tachyarrhythmia episode (146), 
processor 80 may determine the cardiovascular pressure val 
ues that are associated with the detected episode, e.g., by 
obtaining pressure data from pressure sensing module 92 
(FIG. 4) (148). For example, processor 80 may review the 
pressure values collected during the tachyarrhythmia events 
of the episode. Pressure sensing module 92 may continuously 
provide processor 80 with pressure measurements within 
right ventricle 28 (or another region of heart 12) or pressure 
sensing module 92 may only provide the measurements to 
processor 80 upon interrogation of sensing module 92 by 
processor 80. In addition, pressure sensing module 92 may 
continuously measure pressure within right ventricle 28 or 
regular, periodic intervals. 
0.133 Processor 80 may determine whether the cardiovas 
cular pressures that are associated with the detected tach 
yarrhythmia events of the episode are relatively regular (150). 
In Some examples, processor 80 may determine the regularity 
of pressures by determining whether the variance in pressure 
measurements associated with the tachyarrhythmia events is 
less than a threshold value, as described above. The pressure 
measurements that are monitored for variance may include, 
for example, at least one or more of systolic pressures, dias 
tolic pressures, pulse pressures, average pressures over a 
pressure cycle, median pressure measurements within the 
pressure cycles, or combinations thereof. 
0.134 Each tachyarrhythmia event, e.g., a heart cycle hav 
ing a duration that is less than a threshold value, may be 
associated with a pressure cycle, from which a pressure value 
may be selected. If processor 80 determines that the sensed 
cardiovascular pressure values associated with the detected 
tachycardia events are relatively regular, processor 80 may 
control the delivery of stimulation therapy to patient (152). 
For example, if the tachyarrhythmia episode comprises ven 
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tricular tachycardia, processor 80 may control stimulation 
generator 84 to deliver pacing, cardioversion or defibrillation 
electrical signals to heart 12. As another example, if the 
tachyarrhythmia episode comprises ventricular fibrillation, 
processor 80 may control stimulation generator 84 to deliver 
defibrillation electrical signals to heart 12. Determining that 
the tachyarrhythmia events of the episode are correlated with 
relatively regular pressure values may help processor 80 con 
firm that the tachyarrhythmia episode is not a false positive, 
e.g., detected based on electrical noise. 
0135) If processor 80 determines that the sensed cardio 
vascular pressures associated with the detected tachycardia 
events are not relatively regular (150), processor 80 may 
withhold stimulation therapy and generate a sensing integrity 
indication (154). The irregular pressures associated with the 
tachyarrhythmia events may indicate, for example, that the 
detection of the arrhythmia was a false positive and attribut 
able to noise. The sensing integrity indication may be stored 
within IMD 16, along with the associated date stamp and any 
other relevant information (e.g., pressure values), for later 
retrieval and analysis by a clinician. In addition, processor 80 
may generate a notification to patient 14 that medical atten 
tion to identify the source of the inappropriately detected 
tachyarrhythmia episode may be desirable. 
0.136 FIG. 9 is a flow diagram illustrating another 
example technique for controlling the delivery of stimulation 
therapy to heart 12 based on a sensed cardiovascular pressure. 
Processor 80 of IMD 16 may detect a ventricular tachycardia 
episode (160), which may be a type of tachyarrhythmia epi 
sode. Processor 80 may implement any suitable technique to 
detect a ventricular tachycardia episode (160). In some 
examples, processor 80 may detect a ventricular tachycardia 
episode by detecting a predetermined number of sequential 
Ventricular tachycardia events. As previously indicated, a 
Ventricular tachycardia event may include a cardiac cycle 
measured between Successive R-waves that has a duration 
less than a predetermined ventricular tachycardia threshold 
value. In some examples, the Ventricular tachycardia thresh 
old value may be about 340 ms to about 400 ms, although 
other intervals are contemplated. In other examples, other 
techniques for detecting a Ventricular tachycardia episode 
may be used. 
0.137 Processor 80 may inappropriately characterize elec 

trical noise attributable to a lead-related condition or other 
electromagnetic interference as a heart cycle that meets the 
limitations of a ventricular tachycardia event. If the detection 
of the ventricular tachycardia episode is attributable to elec 
trical noise, there may be multiple sequential very short inter 
vals or a relatively high percentage of short intervals (e.g., 6 of 
the last 8 rhythms may be short intervals). A short interval 
may be an interval less than a set value or less than a percent 
age of a programmed value (e.g., Ventricular fibrillation 
detection interval) or a set value above a blanking period of 
IMD 16, as described below. 
0.138. Detecting a tachyarrhythmia episode may be attrib 
utable to a lead related condition that may occur near ablank 
ing period of sensing module 86 (FIG. 4). Processor 80 may 
account for the blanking period by characterizing R-R inter 
vals that are determined to be less than a predetermined time 
period above the blanking period as a short interval. Accord 
ingly, the threshold time period for determining whether an 
R-R interval was a short interval may include the blanking 
time period in addition to the determined time period above 
the blanking period. In some examples, processor 80 may 
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determine an R-R interval is short if it is about 10 ms to about 
50 ms above the blanking period, such as about 20 ms. Other 
predetermined time periods above the blanking period are 
contemplated. If the blanking period is set as 120 ms and the 
time period above the blanking period is about 20 ms, the 
predetermined threshold for classifying a detected tach 
yarrhythmia event as a short interval would be equal to 
approximately 140 ms. 
0.139. Some heart rhythms that indicate a ventricular 
tachycardia episode may have fewer sequential short inter 
vals or a fewer percentage of short intervals than the short 
intervals that are observed with electrical noise. Accordingly, 
if a threshold number (referred to as “X”) of detected heart 
rhythms of a predetermined number (referred to as “Y”) of the 
most recently detected heart rhythms are short intervals, the 
detected heart rhythms may be noise signals mischaracterized 
as tachyarrhythmia events. 
0140. In the technique shown in FIG.9, upon detecting the 
ventricular tachycardia episode (160), processor 80 may 
determine whether at least X of the Y of the most recent R-R 
intervals constitute short intervals (162). “X” and “Y” are 
variables used to represent a predetermined number, which 
may be selected by a clinician and stored within memory 82 
of IMD 16 or automatically selected by processor 80. The 
number “X” is less than the number “Y” For example, in 
Some examples, processor 80 may determine whether at least 
6 of the 8 of the most recent R-R intervals constitute short 
intervals (162). However, the “6 of8 is merely one example, 
and other numbers for “X” and “Y” are contemplated. 
0.141. In some examples, processor 80 may utilize a short 
interval counter to determine whether at least X of the priory 
number of R-R intervals are short intervals. For example, for 
each short interval detected, processor 80 may increment the 
counter. Upon analyzing the last Y intervals, processor 80 
may determine the number of short intervals, as indicated by 
the counter. 
0142. In another example, as described with respect to 
FIG. 10, processor 80 may increment a counter for each short 
interval detected, and upon reaching X number of short inter 
vals, processor 80 may determine how many R-R intervals 
were counted to reach X number of short intervals. If the 
number of intervals that were counted to reach X number of 
short intervals is less than the stored number Y. processor 80 
may determine that at least X number ofY number of the prior 
R-R intervals were short intervals. On the other hand, if the 
number of intervals that were counted to reach X short inter 
vals is greater than (or exceeds) the stored numberY. proces 
sor may determine that at least X number of the Y number of 
the prior R-R intervals were not short intervals. 
0143. In other examples, processor 80 may utilize a time 
window and determine the number of short intervals counted 
during the time window. The time window may be stored in 
memory 82 of IMD 16 and may be, for example, the average 
duration of Y intervals. An example of this counting tech 
nique is described at FIG. 5 of U.S. Pat. No. 7,369,893 to 
Gunderson, entitled, “METHOD AND APPARATUS FOR 
IDENTIFYING LEAD-RELATED CONDITIONS USING 
PREDICTION AND DETECTION CRITERIA which 
issued on May 6, 2008 and is incorporated herein by reference 
in its entirety. 
0144. If processor 80 determines that at least X number 
out of the Y number of most recent R-R intervals were not 
short intervals, processor 80 may deliver stimulation therapy 
to heart 12 (152). If the at least X number out of the Y number 
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of most recent R-R intervals were not short intervals, it may 
indicate that the Ventricular tachycardia episode was detected 
based on actual heart signals, rather than electrical noise. 
0145 If processor 80 determines that at least X number 
out of the Y number of prior R-R intervals were short inter 
vals, processor 80 may determine whether the cardiovascular 
pressures associated with the detected Ventriculartachycardia 
events were regular (150). Processor 80 may use the tech 
niques described above with respect to FIGS. 6-8 to deter 
mine if the pressure was regular, i.e., had a low variance. If 
processor 80 determines that the cardiovascular pressure 
associated with the detected tachycardia events were rela 
tively regular, processor 80 may deliver stimulation therapy 
to patient (152). On the other hand, if processor 80 determines 
that the pressure is not regular (150), processor 80 may with 
hold stimulation therapy and generate an integrity indication 
(154). The irregular pressure may indicate, for example, that 
the detection of the ventricular tachycardia episode was a 
false positive and detected based on electrical noise. 
0146 In some examples of the technique shown in FIG.9, 
in addition to or instead of determining whether at least X of 
the Y of the most recent R-R intervals constitute short inter 
vals (162), processor 80 may determine whether the coupling 
interval between successive detected ventricular tachycardia 
events are variable. For example, processor 80 may determine 
whether the difference between the coupling intervals for two 
or more sets of Successive ventricular tachycardia events 
exceeds a predetermined threshold value or percentage. A 
variable coupling interval between successive detected ven 
tricular tachycardia events may indicate that the electrical 
signal sensed by sensing module 86 of IMD 16 (FIG. 4) is at 
least partially attributable to electrical noise and may not 
reflect electrical activity of heart 12. With some tachyarrhyth 
mia episodes, the tachyarrhythmia events that make up the 
episode may have a relatively stable rhythm. This stable 
rhythm may be quantified as a coupling interval between 
Successive tachyarrhythmia events that is within a particular 
threshold range (e.g., percentage or absolute value) of previ 
ous and Successive coupling intervals. Accordingly, an 
unstable rhythm of the detected tachyarrhythmia events may 
indicate that sensing module 86 is sensing electrical noise. 
0147 As an example, IMD 16 may be programmed with a 
stability value, e.g., 50 ms, that indicates an acceptable cou 
pling interval between Successive detected ventricular tachy 
cardia events. Upon counting a predetermined number of 
ventricular tachycardia events, processor 80 may evaluate the 
next coupling interval. If the difference between any of the 
previous three ventricular tachycardia events is greater than 
the stability value, processor 80 may reset the ventricular 
tachycardia counter to 0 because processor 80 may consider 
the detected ventricular tachycardia events unstable. 
0148. In other examples of FIG.9, instead of determining 
whether a threshold number of short intervals were detected 
(162), processor 80 may implement another lead integrity 
determination technique, such as determining an impedance 
of one or more of the leads 18, 20, 22. If the measured lead 
impedance indicates that a potential sensing issue exists, pro 
cessor 80 may initiate the evaluation of the pressure variance 
(150) as described with respect to FIG.9. 
014.9 FIG.10 is a flow diagram illustrating a technique for 
determining whether at least X number of the Y number of 
prior R-R intervals were determined to be short intervals. For 
each detected heart cycle, processor 80 may increment a beat 
counter (164). The detected heart cycle may be, for example, 
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each electrical signal that is measured between Successive 
R-R intervals or other types of waves. The heart cycle may 
correspond to a heartbeat. After detecting an R-R interval, 
processor 80 may measure the duration of the R-R interval 
(166) and determine whether the R-R interval is less than a 
threshold time period (167). The predetermined threshold 
may be the duration of a short interval. In some examples, the 
predetermined time period may be approximately 120 ms to 
about 170 ms, such as about 140 ms. In other examples, a 
short interval may be characterized by the interval between 
other waves of the sinus rhythm (e.g., a P-P interval). 
0150. If the R-R interval is not less than the predetermined 
threshold and, therefore, is not near the blanking period of 
sensing module 86, e.g., within 20 ms of the blanking period, 
processor 80 may increment the beat counter (164) and mea 
sure a next R-R interval duration (166). Processor 80 may 
determine whether the next R-R interval is less than the pre 
determined interval threshold (164). Each time that an R-R 
interval is determined to be less than the predetermined inter 
val threshold and therefore near the blanking period, a short 
interval counter is incremented (168). 
0151. After each increment of the short interval counter, 
processor 80 may determine whether the short interval 
counter is equal to a predetermined short interval threshold 
(169). As previously described, if at least X number of the Y 
number of prior R-R intervals are short, processor 80 may 
analyze the pressure associated with the detected tach 
yarrhythmia events to determine whether the detected tach 
yarrhythmia episode is a true episode or attributable to elec 
trical noise. Thus, the short interval threshold may indicate 
the number of short intervals that are detected to proceed to a 
pressure analysis process. If the short interval counteris equal 
to the short interval threshold (169), processor 80 may deter 
mine how many R-R intervals were counted in order to arrive 
at the NID threshold (170), such as by referencing the beat 
counter. Processor 80 may compare the number of counted 
R-R intervals to a beat threshold (171) to determine whether 
at least X number of the Y number of prior R-R intervals were 
determined to be short intervals. For example, the short inter 
val counter may be the “X” number and the beat threshold 
may be the “Y” number of most recent R-R intervals, which 
are related to heartbeats. 

0152. If the number of R-R intervals that were counted is 
equal to the beat threshold (171), processor 80 may determine 
that at least X number of the Y number of prior R-R intervals 
were determined to be a short interval, and determine that 
pressure analysis is desirable to determine whether the 
detected tachyarrhythmia events were appropriately used to 
detect the tachyarrhythmia episode (172). The pressure 
analysis may be, for example, a determination of whether the 
pressure associated with the tachyarrhythmia events had a 
variability below a predetermined threshold, as described 
above with respect to FIG. 9. If the number of R-R intervals 
that were counted is not equal to the beat threshold (171), 
processor 80 may monitor the next R-R interval (164), and 
determine whether the R-R interval is less thana short interval 
threshold (167). 
0153 FIG. 11 is a flow diagram illustrating another 
example technique for controlling the delivery of stimulation 
therapy to heart 12 based on a variability of a sensed cardio 
vascular pressure. Processor 80 of IMD 16 may detect a 
ventricular fibrillation episode (174), which may be a type of 
tachyarrhythmia episode. Processor 80 may implement any 
suitable technique to detect a ventricular fibrillation episode 
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(174). In some examples, processor 80 may detect the ven 
tricular fibrillation episode by detecting a particular number 
of Ventricular tachycardia events within a particular time 
frame, which may be measured as by a number of heart 
cycles. 
0154 As an example, processor 80 may detect a ventricu 
lar fibrillation episode upon detecting about 'A' number of 
ventricular fibrillation events within the “B” number of most 
recent cardiac depolarization events. For example, “A” may 
be about 10 and “B” may be about 15. However, in other 
examples, processor 80 may use different values of 'A' and 
“B” to detect a ventricular fibrillation episode. A ventricular 
fibrillation event may include a cardiac cycle measured 
between successive R-waves (sometimes referred to fib 
waves in the case of fibrillation) that has a duration less than 
a predetermined ventricular fibrillation threshold value. The 
ventricular fibrillation episode may be less than the ventricu 
lar tachycardia threshold used to characterize a cardiac cycle 
as a ventricular tachycardia event. In some examples, the 
ventricular fibrillation threshold value may be about 280 ms 
to about 320 ms, although other intervals are contemplated. In 
other examples, other techniques for detecting a ventricular 
fibrillation episode may be used. 
0155. Upon detecting the ventricular fibrillation episode 
(174), processor 80 may determine whether at least X number 
of the Y number of prior R-R intervals constitute short inter 
vals (162). As described above, processor 80 may interpret 
electrical noise as a heart rhythm having multiple sequential 
short intervals or a relatively high percentage of short inter 
vals (e.g., 6 of the last 8 rhythms may be short intervals). 
Processor 80 may utilize any of the techniques described with 
respect to FIGS. 9 and 10 to count the number of short 
intervals. 

0156. In some examples, if the number of short intervals 
does not meet the threshold limitation, e.g., at least X number 
of the Y number of most recent electrical signal intervals (e.g., 
detected “R-R' intervals, which may or may not be true R-R 
intervals of a heart rhythm) are not short intervals, processor 
80 may determine whether a certain percentage of pulse pres 
Sure measurements was less than a threshold pulse pressure 
value (176). For example, in the technique shown in FIG. 11, 
processor 80 may determine whether at least “J” number of 
the “K” number of the last pulse pressure measurements were 
less than a threshold pulse pressure value. “J” and “K” are 
variables used to represent a predetermined number, which 
may be selected by a clinician or automatically selected by 
processor 80. The number “J” is less than the number “K” 
The K number of last pulse pressure measurements may be, 
for example, the pulse pressure measurements associated 
with each if the Knumber of prior detected ventricular fibril 
lation events, which may or may not be detected based on an 
actual heart rhythm (e.g., may be detected based on electrical 
noise). In another example, the K number of last pulse pres 
Sure measurements may be, the pulse pressure measurements 
associated with each if the K number of prior detected R-R 
intervals, which may or may not be detected based on an 
actual heart rhythm. 
0157. In some examples, processor 80 may determine 
whether at least five of the last eight pulse pressure measure 
ments, were less than about 6 millimeters of mercury 
(mmHg). Five of eight and 6 mmHg as the thresholds are 
merely examples. Processor 80 may utilize any suitable 
counting technique. Such as techniques similar to those 
described with respect to FIGS. 9 and 10 for counting short 
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intervals. In other examples, other threshold pulse pressure 
values may be used. The threshold pulse pressure values may 
be specific to a patient or may be general to two or more 
patients. The threshold pulse pressure values may be deter 
mined, e.g., based on determining the pulse pressure values of 
the one or more patients during the confirmed Ventricular 
fibrillation episode for each of the one or more patients. 
0158 Ventricular fibrillation may be associated with rela 
tively low pulse pressure values, as well as low systolic pres 
Sure values, and, in some cases, low diastolic pressure values. 
During ventricular fibrillation, the cardiac muscle in right 
ventricle 28 and left ventricle 32 (FIG. 2) may exhibited 
uncoordinated contraction. The uncoordinated contraction of 
the heart muscle may cause heart 12 to exhibit relatively low 
pressure due to the poor contraction of the heart, and, there 
fore, the low flow of blood through heart 12. Accordingly, if 
the patient is in a true ventricular fibrillation episode, the 
pulse pressure values associated with the ventricular fibrilla 
tion events of the episode are likely to be less thana threshold 
pulse pressure value, such as about 6 mmHg. Other threshold 
pulse pressure values may be used in other examples, and, in 
Some cases, may be specific to a particular patient 14. 
0159. In other examples, processor 80 may determine 
whether a certain percentage of other types of pressure mea 
surements (or their derivatives) were less than a threshold 
pressure value. Such as systolic or diastolic pressures, or a 
combination of the systolic, diastolic, and/or pulse pressures. 
In addition, in other examples, rather than determining 
Whether the pressure values (e.g., pulse pressure, Systolic, 
diastolic or a combination thereof) were less than a pressure 
threshold value, thereby indicating a ventricular fibrillation 
episode, processor 80 may determine whether the pressure 
values were greater than a pressure threshold value, thereby 
indicating the absence of a ventricular fibrillation episode. 
0.160) If the number of pulse pressure measurements that 
were less than the threshold pulse pressure value does not 
meet the threshold limitation, e.g., at least J number of the K 
number of prior pulse pressure measurements were not less 
than a threshold pulse pressure value, processor 80 may con 
trol stimulation generator 84 to withhold stimulation (154). 
For example, if fewer than the threshold number of pulse 
pressure measurements were less than the threshold pulse 
pressure value, processor 80 may determine that the detected 
ventricular fibrillation events were associated with pressure 
values that were too high to be true ventricular fibrillation 
events. Thus, processor 80 may determine that the electrical 
signals used to detect the ventricular fibrillation episode were 
at least partially attributable to electrical noise. In this way, 
the pulse pressure values may indicate whether the Ventricu 
lar fibrillation episode was attributable to electrical noise. 
Processor 80 may also generate an integrity indication (154), 
which may be stored in memory 82 or transmitted to program 
mer 24 or another device to notify patient 14 or a clinician of 
a potential sensing issue. 
0.161 If the number of pulse pressure measurements that 
were less than the threshold pulse pressure value exceeds the 
threshold number, e.g., at least J number of the Knumber of 
prior pulse pressure measurements were less than a threshold 
value, processor 80 may determine that the electrical signals 
rhythms used to detect the ventricular fibrillation episode 
may be attributable to actual heart rhythms. Accordingly, 
upon determining that the number of pulse pressure measure 
ments that were less than the threshold pulse pressure value 
meets the threshold limitation, processor 80 may determine 
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whether the pressure associated with the detected ventricular 
fibrillation events was regular (150). 
0162. In other examples of the technique shown in FIG. 
11, processor 80 may not determined whether a certain per 
centage of pulse pressure measurements was less than a 
threshold pulse pressure value (176). 
0163 Processor 80 may use the techniques described 
above with respect to FIGS. 7 and 9 to determine if the 
pressure was regular. If processor 80 determines that the 
cardiovascular pressure values associated with the detected 
Ventricular fibrillation events was regular, e.g., had a low 
variability, processor 80 may deliver stimulation therapy to 
patient (152). On the other hand, if processor 80 determines 
that the pressure values associated with the detected ventricu 
lar fibrillation events were not regular, e.g., had a variability 
above a threshold variability value (150), processor 80 may 
withhold stimulation therapy and generate an integrity indi 
cation (154). The irregular heart pressure may indicate, for 
example, that the detection of the ventricular fibrillation 
events, and, therefore, the ventricular fibrillation episode, 
were false positives and detected based on electrical noise. 
0164 FIG. 12 is a flow diagram of an example technique 
for generating a sensing integrity indication based on the 
detection of a non-sustained tachyarrhythmia (NST) episode 
and a cardiovascular pressure. The technique shown in FIG. 
12 may be useful for detecting a lead integrity issue or elec 
trical noise issue prior to the occurrence of a tachyarrhythmia 
episode that would qualify for delivery of a responsive 
therapy. A NST episode may be, for example, a train of 
tachyarrhythmia events that do not meet the requirements for 
being characterized as a tachyarrhythmia episode that would 
qualify for delivery of a responsive therapy. In some 
examples, during a normal detection process, processor 80 
may detect a tachyarrhythmia episode by comparing time 
intervals between successive R-waves (or other types of heart 
waves) to a set of programmable detection intervals, which 
may be stored in memory 82 of IMD 16 (FIG. 4). For 
example, when an R-R interval between R waves of succes 
sive cardiac rhythms is between about 320 ms and about 400 
ms, processor 80 may determine that a ventricular tachycar 
dia event was detected and increment a ventricular tachycar 
dia interval counter. Once a certain number ventricular tachy 
cardia events, e.g., sensed events having a ventricular 
tachycardia time interval, are detected (e.g., about 16 events), 
processor 80 may determine that a ventricular tachycardia 
episode is detected. 
(0165 Processor 80 may identify a NST and store a NST 
episode indication within a NST episode log when less thana 
required number oftachyarrhythmia events are detected (e.g., 
less than 16 events), but more than a predetermined number of 
tachyarrhythmia events are detected (e.g., about 5). The NST 
episode log may be stored within memory 82 of IMD 16 (FIG. 
4) and store information relating to the NST episodes, includ 
ing a date/time stamp and an average cycle length of each 
non-Sustained episode. 
0166 In the example technique shown in FIG. 12, proces 
sor 80 may detect a NST episode (178) using any suitable 
technique. In some examples, processor 80 may determine 
whether an ECG signal indicated heart activity that was fast 
enough to fall within a Ventricular tachycardia or ventricular 
fibrillation zones of time intervals without meeting the thresh 
old number of intervals for the ventricular tachycardia or 
Ventricular fibrillation episode. In some examples, processor 
80 may identify a NST episode if at least five cardiac cycles 
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within a particular time frame or within aparticular number of 
cardiac cycles met the limitations of qualifying as a ventricu 
lar tachycardia or ventricular fibrillation event. 
0167. Upon detecting the NST episode (178), processor 
80 may determine whether there are a threshold number of 
tachyarrhythmia events in the NST episode to meritan analy 
sis of the associated cardiovascular pressures (179). For 
example, processor 80 may determine the number of R-R 
intervals that fell within the ventricular tachycardia or ven 
tricular fibrillation event Zones and compare that number to 
an event threshold value, which may be stored within memory 
82 of IMD 16. If the number oftachyarrhythmia events in the 
NST episode does not exceed (i.e., is less than) the event 
threshold, processor 80 may continue normal operation of 
controlling stimulation generator 84 (180). In other 
examples, processor 80 may eliminate the determination of 
whether there are a threshold number of tachyarrhythmia 
events in the NST episode to meritan analysis of the associ 
ated cardiovascular pressures and determine the cardiovascu 
lar pressures associated with the tachyarrhythmia events of 
the NST episode upon detecting the NST episode. 
0.168. Upon detecting the NST episode (178), processor 
80 may determine whether a threshold percentage of the prior 
detected R-R intervals constitute short intervals. The detected 
R-R intervals may not be true R-R intervals of a heart signal, 
but may be detected R-R intervals of an electrical signal that 
sensing module 86 of IMD 16 (FIG. 4) characterizes as heart 
signals. In some examples, processor 80 may determine 
whether at least X number of the Y number of prior R-R 
intervals constitute short intervals (162), as described above 
with respect to FIGS.9 and 10. 
(0169. If at least X number of the Y number of prior R-R 
intervals are not short intervals (162), processor 80 may con 
tinue normal operation of controlling stimulation generator 
84 (180). If at least X number of the Y number of prior R-R 
intervals are short intervals (162), processor 80 may deter 
mine whether the pulse pressure measurements associated 
with a predetermined number of detected cardiac cycles are 
less than a threshold pulse pressure value, e.g., using the 
techniques described with respect to FIG. 11. In the example 
technique shown in FIG. 12, if at least J number of the K 
number of prior pulse pressure measurements were less than 
a threshold pulse pressure value, processor 80 may determine 
that sensing module 86 did not characterize electrical noise as 
heart signals and that the detected NST episode is a true NST. 
Again, this may be because some true tachyarrhythmia 
events, such as Ventricular fibrillation events, may be associ 
ated with a relatively low pulse pressure. Thus, if at least J 
number of the K number of prior pulse pressure measure 
ments were less than a threshold pulse pressure value, pro 
cessor 80 may determine that the pulse pressure values indi 
cate the detected tachyarrhythmia events were true events. 
Processor 80 may then continue normal operation of control 
ling stimulation generator 84 (180). 
0170 If processor 80 determines that at least J number of 
the Knumber of prior pulse pressure measurements were not 
less than a threshold pulse pressure value, processor 80 may 
determine that the detected NST episode may not be a true 
NST. Accordingly, processor 80 may implement other checks 
to determine whether the detected NST episode was attribut 
able to electrical noise. For example, in the example shown in 
FIG. 12, processor 80 may determine whether the pressure 
associated with the heart rhythms of the NST episode was 
regular (150), e.g., using the techniques described above with 
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respect to FIG.8. If the pressure was regular, processor 80 
may determine that sensing module 86 did not characterize 
electrical noise as heart signals, and processor 80 may con 
tinue normal operation of controlling stimulation generator 
84 (180). If the pressure was not regular, processor 80 may 
generate a sensing integrity indication (182). 
0171 The sensing integrity indication may be used to 
generate a patient notification. In some examples, for each 
sensing integrity indication that is generated, processor 80 
increments a counter. Upon reaching a predetermined thresh 
old number of sensing integrity indications, processor 80 may 
control telemetry module 88 (FIG. 4) to transmit a signal to 
programmer 24 or another device. The predetermined thresh 
old number of sensing integrity indications that trigger the 
generation of a patient or clinician notification may be 
selected by a clinician or otherwise programmed into IMD 
16. In some examples, an alert may be generated upon the 
generation of a single sensing integrity indication by proces 
sor 80 of IMD 16. In other examples, an alert may be gener 
ated upon the generation of multiple sensing integrity indica 
tions (e.g., two or more) by processor 80 of IMD 16. 
0172. Upon receiving a signal from IMD 16 that indicates 
the threshold number of sensing integrity indications were 
generated, programmer 24 may provide a notification to 
patient 14 that indicates that the sensing integrity of IMD 16 
may be potentially compromised and needs to be checked by 
a clinician. In addition or alternatively, processor 80 may 
transmit a signal to programmer 24 or another computing 
device, which may then directly transmit the notification to 
the clinician. A notification may be generated by programmer 
24 and may be, e.g., in the form of an audible sound, visual 
alert (e.g., a flashing light), a Somatosensory alert (e.g., a 
mechanical vibration) or a combination of the audible, visual, 
and/or somatosensory alerts. Alternatively, other alert tech 
niques may be employed. 
0173. In some examples, processor 80 may recommend a 
corrective action upon alerting a clinician. For example, with 
the notification that a potential sensing issue has been 
detected, processor 80 may generate a recommendation that 
one of the leads 18, 20, 22 should be checked for a loose 
connection with connector block 34 of IMD 16 or the elec 
trical insulation of one of the leads 18, 20 or 22 should be 
checked. 
0174. In some examples, the generating of the sensing 
integrity indication (182) may be used to control therapy 
delivery to heart 12. As an example, processor 80 may change 
the sensing or therapy electrode configuration (e.g., from a 
bipolar configuration to unipolar configuration) upon gener 
ating the sensing integrity indication. As another example, 
processor 80 may implement other lead integrity checks to 
further evaluate the sensing integrity of system 10. For 
example, processor 80 may initiate a check of the impedance 
of one or more of the leads 18, 20, 22. 
0.175. In other examples of the technique shown in FIG. 
12, a sensing integrity indication may be generated without 
determining whether a threshold percentage of the most 
recent R-R intervals constitute short intervals (162) and/or 
whether the pulse pressure measurement associated with a 
predetermined number of previous heart rhythms are less than 
a threshold pulse pressure threshold (176). For example, after 
determining that the detected NST episode includes a thresh 
old number of tachyarrhythmia events, processor 80 may 
determine whether the heart pressure associated with the 
events or other detected heart cycles were regular (150). In 
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Some examples, processor 80 determines a variance of the 
heart pressure values associated with the detected R-R inter 
vals to determine whether the pressure is regular (150). 
(0176 While the techniques shown in FIGS. 8-12 are 
described as being performed by processor 80 of IMD 16, in 
other examples, a processor of another device. Such as pro 
cessor 100 of programmer 24 (FIG. 5) or a clinician worksta 
tion may perform any part of the techniques shown in FIGS. 
8-12 or otherwise described herein. For example, processor 
100 of programmer 24 may receive an EGM from sensing 
module 86 of IMD 14 and a pressure signal from pressure 
sensor 30 to determine whether the pressure associated with a 
detected tachyarrhythmia episode or a NST episode was vari 
able (150) (FIG. 8). Further, processor 100 of programmer 24 
or another device may generate a sensing integrity indication 
upon determining that a detected tachyarrhythmia episode or 
a NST episode may have been detected based on electrical 
O1SC. 

0177 FIG. 13 is a block diagram illustrating a system 190 
that includes an external device 132. Such as a server, and one 
or more computing devices 194A-194N that are coupled to 
IMD 16 and programmer 24 shown in FIG. 1 via a network 
196, according to one embodiment. In this embodiment, IMD 
16 uses its telemetry module 88 to communicate with pro 
grammer 24 via a first wireless connection, and to communi 
cate with an access point 198 via a second wireless connec 
tion. In the example of FIG. 13, access point 198, programmer 
24, external device 192, and computing devices 194A-194N 
are interconnected, and able to communicate with each other, 
through network 196. In some cases, one or more of access 
point 198, programmer 24, external device 192, and comput 
ing devices 194A-194N may be coupled to network 196 
through one or more wireless connections. IMD 16, program 
mer 24, external device 192, and computing devices 194A 
194N may each comprise one or more processors, such as one 
or more microprocessors, DSPs, ASICs, FPGAs, program 
mable logic circuitry, or the like, that may perform various 
functions and operations, such as those described herein. 
0.178 Access point 198 may comprise a device that con 
nects to network 196 via any of a variety of connections, such 
as telephone dial-up, digital subscriber line (DSL), or cable 
modem connections. In other examples, access point 198 may 
be coupled to network 130 through different forms of con 
nections, including wired or wireless connections. In some 
examples, access point 198 may communicate with program 
mer 24 and/or IMD 16. Access point 198 may be co-located 
with patient 14 (e.g., within the same room or within the same 
site as patient 14) or may be remotely located from patient 14. 
For example, access point 198 may be a home monitor that is 
located in the patient’s home or is portable for carrying with 
patient 14. 
0179. During operation, IMD 16 may collect, measure, 
and store various forms of diagnostic data. For example, as 
described previously, IMD 16 may collect cardiovascular 
pressure values from pressure sensing module 92 (FIG. 4). In 
certain cases, IMD 16 may directly analyze collected diag 
nostic data and generate any corresponding reports or alerts. 
In some cases, however, IMD 16 may send diagnostic data to 
programmer 24, access point 198, and/or external device 192, 
either wirelessly or via access point 198 and network 196, for 
remote processing and analysis. 
0180 For example, IMD 16 may send programmer 24 
collected cardiovascular pressure data and associated EGM 
data, which is then analyzed by programmer 24. Programmer 
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24 may generate reports or alerts after analyzing the pressure 
data and determining that there may be a possible condition 
with one or more of leads 18, 20, and 22, e.g., based on the 
variability of the pressure values that are associated with 
detected tachyarrhythmia events. As another example, IMD 
16 may send the sensing integrity indication generated by 
processor 80 (FIG. 4) to programmer 24, which may take 
further steps to determine whether there may be a possible 
condition with one or more of leads 18, 20, and 22. For 
example, programmer 24 may initiate lead impedance tests or 
IMD 16 may provide lead impedance information, if such 
information is already available. 
0181. In some cases, IMD 16 and/or programmer 24 may 
combine all of the diagnostic data into a single displayable 
lead integrity report, which may be displayed on programmer 
24. The lead integrity report contains diagnostic information 
concerning one or more electrode leads that are coupled to 
IMD 16, such as leads 18, 20, or 22. A clinician or other 
trained professional may review and/or annotate the lead 
integrity report, and possibly identify any lead-related condi 
tions. 
0182. In another example, IMD 16 may provide external 
device 192 with collected diagnostic datavia access point 198 
and network 196. External device 192 includes one or more 
processors 200. In some cases, external device 192 may 
request such data, and in some cases, IMD 16 may automati 
cally or periodically provide such data to external device 192. 
Upon receipt of the diagnostic data via input/output device 
202, external device 192 is capable of analyzing the data and 
generating reports oralerts upon determination that there may 
be a possible condition with one or more of leads 18, 20, and 
22. For example, one or more of leads 18, 20, and 22 may 
experience a condition related to a lead fracture or an insula 
tion breach. 

0183 In one embodiment, external device 192 may com 
bine the diagnostic data into a lead integrity report. One or 
more of computing devices 194A-194N may access the report 
through network 196 and display the report to users of com 
puting devices 194A-194N. In some cases, external device 
192 may automatically send the report via input/output device 
202 to one or more of computing devices 194A-194N as an 
alert, such as an audio or visual alert. In some cases, external 
device 192 may send the report to another device, such as 
programmer 24, either automatically or upon request. In 
some cases, external device 192 may display the report to a 
user via input/output device 196. 
0184. In one embodiment, external device 192 may com 
prise a secure storage site for diagnostic information that has 
been collected from IMD 16 and/or programmer 24. In this 
embodiment, network 196 may comprise an Internet net 
work, and trained professionals, such as clinicians, may use 
computing devices 194A-194N to securely access stored 
diagnostic data on external device 192. For example, the 
trained professionals may need to enter usernames and pass 
words to access the stored information on external device 
192. In one embodiment, external device 192 may be a 
Care|Link server provided by Medtronic, Inc., of Minneapo 
lis, Minn. 
0185. As described herein, electrical noise may be dis 
criminated from sensed heart signals based on cardiovascular 
pressure. In some examples described herein, a variance in 
the cardiovascular pressure values associated with a plurality 
of detected tachyarrhythmia events, e.g., above a threshold 
range, may indicate that the detected tachyarrhythmia events 
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are at least partially attributable to electrical noise. In other 
examples, other characteristics of cardiovascular pressure 
may be used to discriminate electrical noise from sensed heart 
signals. 
0186 For example, in some examples, a mean or median 
value of the cardiovascular pressure values associated with a 
plurality of detected tachyarrhythmia events of a tach 
yarrhythmia episode may be compared to a threshold value to 
determine whether the tachyarrhythmia events were detected 
based on electrical noise. If mean or median value of the 
cardiovascular pressure values falls below the threshold 
value, which may be the threshold pressure value associated 
with a ventricular fibrillation or a ventricular tachycardia 
event, processor 80 of IMD 16 or another device may deter 
mine that the detected tachyarrhythmia events were true epi 
sodes. On the other hand, if the mean or median value of the 
cardiovascular pressure values is greater than the threshold 
value, processor 80 of IMD 16 may determine that the 
detected tachyarrhythmia events were not associated with a 
true tachyarrhythmia event, and, therefore, the tachyarrhyth 
mia events were detected based on electrical noise. 
0187. As previously described, although many of the car 
diovascular monitoring and analysis techniques described 
herein are performed by processor 80 of IMD 16, in other 
examples, another device may perform any part of the tech 
niques described herein. For example, if pressure sensing 
module 92 (FIG. 4) is enclosed within a separate housing 
from IMD 16, pressure sensing module 92 may include a 
separate processor that analyzes the signals from pressure 
sensor 38. The processor of a separate pressure sensing mod 
ule 92 may perform any one or more of the techniques 
described herein. In some examples, a sensing device may 
include pressure sensing module 92 and sensing module 86 
(FIG. 4) in a common housing that does not include stimula 
tion generator 84 (FIG. 4). The sensing device may include a 
processor that controls the generation and transmission of 
control signals to IMD 16 to control when stimulation gen 
erator 84 generates and delivers stimulation to heart 14 (FIG. 
1). The processor of the sensing device may, for example, 
discriminate electrical noise from heart signals using any of 
the techniques described herein. 
0188 The techniques described in this disclosure, includ 
ing those attributed to image IMD 16, programmer 24, or 
various constituent components, may be implemented, at 
least in part, in hardware, Software, firmware or any combi 
nation thereof. For example, various aspects of the techniques 
may be implemented within one or more processors, includ 
ing one or more microprocessors, DSPs, ASICs, FPGAs, or 
any other equivalent integrated or discrete logic circuitry, as 
well as any combinations of Such components, embodied in 
programmers, such as physician or patient programmers, 
stimulators, image processing devices or other devices. The 
term “processor or “processing circuitry may generally 
refer to any of the foregoing logic circuitry, alone or in com 
bination with other logic circuitry, or any other equivalent 
circuitry. 
0189 Such hardware, software, firmware may be imple 
mented within the same device or within separate devices to 
Support the various operations and functions described in this 
disclosure. In addition, any of the described units, modules or 
components may be implemented together or separately as 
discrete but interoperable logic devices. Depiction of differ 
ent features as modules or units is intended to highlight dif 
ferent functional aspects and does not necessarily imply that 
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Such modules or units must be realized by separate hardware 
or software components. Rather, functionality associated 
with one or more modules or units may be performed by 
separate hardware or software components, or integrated 
within common or separate hardware or Software compo 
nentS. 

0190. When implemented in software, the functionality 
ascribed to the systems, devices and techniques described in 
this disclosure may be embodied as instructions on a com 
puter-readable medium such as RAM, ROM, NVRAM, 
EEPROM, FLASH memory, magnetic data storage media, 
optical data storage media, or the like. The instructions may 
be executed to support one or more aspects of the function 
ality described in this disclosure. 
0191 Various examples have been described. These and 
other examples are within the scope of the following claims. 

1. A method comprising: 
detecting a tachyarrhythmia episode of a heart of a patient, 

wherein the tachyarrhythmia episode comprises a plu 
rality of detected tachyarrhythmia events; 

analyzing a plurality of cardiovascular pressure values, 
each of the pressure values associated with a respective 
one of the tachyarrhythmia events; and 

generating an indication based on the analysis of the plu 
rality of pressure values. 

2. The method of claim 1, further comprising controlling 
therapy delivery to the patient in response to the detected 
tachyarrhythmia episode based on the analysis of the plurality 
of pressure values. 

3. The method of claim 2, wherein controlling therapy 
delivery comprises controlling a medical device to deliver 
therapy to the patient based on the analysis. 

4. The method of claim 2, wherein controlling therapy 
delivery comprises controlling a medical device to withhold 
therapy delivery to the patient based on the analysis. 

5. The method of claim 1, wherein generating the indica 
tion comprises generating a patient or clinician alert. 

6. The method of claim 1, wherein the tachyarrhythmia 
episode comprises at least one of a ventricular fibrillation 
episode, a Ventricular tachycardia episode, a fast ventricular 
tachycardia episode or a non-Sustained tachyarrhythmia epi 
sode. 

7. The method of claim 1, wherein the each of the pressure 
values comprises at least one or more of a pulse pressure 
value, an average pressure value, a systolic pressure value or 
a diastolic pressure value. 

8. The method of claim 1, wherein analyzing the plurality 
of cardiovascular pressure values comprises determining a 
variability in the plurality of cardiovascular pressure values. 

9. The method of claim8, wherein the plurality of detected 
tachyarrhythmia events comprises a first detected tach 
yarrhythmia event and a second detected tachyarrhythmia 
event, and determining the variability of the plurality of car 
diovascular pressure values comprises determining whethera 
first pressure value associated with the first detected tach 
yarrhythmia event and a second pressure value associated 
with the second detected tachyarrhythmia event are within a 
threshold range. 

10. The method of claim 8, wherein determining the vari 
ability in the plurality of cardiovascular pressure values com 
prises determining whether the pressure associated with at 
least one detected tachyarrhythmia event of the plurality of 
detected tachyarrhythmia events varies by a threshold per 
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centage compared to an average pressure of at least two other 
detected tachyarrhythmia events of the plurality of detected 
tachyarrhythmia events. 

11. The method of claim 10, wherein the threshold range 
comprises a percentage of about five percent to about twenty 
five percent. 

12. The method of claim 8, wherein determining the vari 
ability in the plurality of cardiovascular pressure values com 
prises determining whether a mean or median value of the 
pressure values is within a threshold range. 

13. The method of claim 8, wherein determining the vari 
ability in the plurality of cardiovascular pressure values com 
prises determining an absolute difference between each of the 
pressure values and a mean value or median value of the 
pressure values and comparing the absolute difference to a 
threshold value or a threshold range. 

14. The method of claim 8, wherein determining the vari 
ability in the plurality of cardiovascular pressure values com 
prises: 

determining an absolute difference between each of the 
pressure values and a first mean value or a first median 
value of the pressure values: 

determining a second mean value or a second median value 
of the absolute difference between each of the pressure 
values and the first mean value or the first median value; 
and 

determining whether the second mean value or the second 
median value is within a threshold range. 

15. The method of claim 14, wherein the threshold range 
comprises a percentage of about five percent to about twenty 
five percent of the first mean value or the first median value. 

16. The method of claim 1, further comprising determining 
whether any of the plurality of detected tachyarrhythmia 
events comprise a short interval, generating a count of a 
number of the detected tachyarrhythmia events that comprise 
the short interval, and analyzing the plurality of cardiovascu 
lar pressure values if the count is greater than or equal to a 
threshold value. 

17. The method of claim 1, further comprising comparing 
the plurality of cardiovascular pressure values to a first thresh 
old pressure value, generating a count of a number of cardio 
vascular pressure values that are less than or equal to the first 
threshold pressure value, and analyzing the plurality of car 
diovascular pressure values if the count is greater than or 
equal to a second threshold value. 

18. A system comprising: 
a pressure sensor that monitors a pressure within a heart of 

a patient; and 
a processor that detects a tachyarrhythmia episode of the 

heart, wherein the tachyarrhythmia episode comprises a 
plurality oftachyarrhythmia events, analyzes a plurality 
of cardiovascular pressure values, each of the pressure 
values associated with a respective one of the tach 
yarrhythmia events, and generates an indication based 
on the analysis of the plurality of pressure values. 

19. The system of claim 18, wherein the processor controls 
therapy delivery to the patient in response to the detected 
tachyarrhythmia episode based on the analysis of the plurality 
of pressure values. 

20. The system of claim 18, wherein the processor controls 
a medical device to withhold therapy delivery to the patient 
based on the analysis of the plurality of pressure values. 
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21. The system of claim 18, wherein the processor analyzes 
the plurality of plurality of cardiovascular pressure values by 
at least determining a variability in the plurality of cardiovas 
cular pressure values. 

22. The system of claim 21, wherein the plurality of 
detected tachyarrhythmia events comprises a first detected 
tachyarrhythmia event and a second detected tachyarrhyth 
mia event, and the processor determines the variability in the 
plurality of cardiovascular pressure values by at least deter 
mining whether a first pressure value associated with the first 
detected tachyarrhythmia event and a second pressure value 
associated with the second detected tachyarrhythmia event 
are within a threshold range. 

23. The system of claim 21, the processor determines the 
variability in the plurality of cardiovascular pressure values 
by at least determining whether the pressure associated with 
at least one detected tachyarrhythmia event of the plurality of 
detected tachyarrhythmia events varies by a threshold per 
centage compared to an average pressure of at least two other 
detected tachyarrhythmia events of the plurality of detected 
tachyarrhythmia events. 

24. The system of claim 21, the processor determines the 
variability in the plurality of cardiovascular pressure values 
by at least determining whethera mean or median value of the 
pressure values is within a threshold range. 

25. The system of claim 21, the processor determines the 
variability in the plurality of cardiovascular pressure values 
by at least determining an absolute difference between each 
of the pressure values and a mean value or median value of the 
pressure values and comparing the absolute difference to a 
threshold value or a threshold range. 

26. The system of claim 21, wherein the processor deter 
mines the variability in the plurality of cardiovascular pres 
sure values by at least: 

determining an absolute difference between each of the 
pressure values and a first mean value or a first median 
value of the pressure values: 

determining a second mean value or a second median value 
of the absolute difference between each of the pressure 
values and the first mean value or the first median value; 
and 

determining whether the second mean value or the second 
median value is within a threshold percentage of the first 
mean value or the first median value, respectively. 

27. The system of claim 18, wherein the processor deter 
mines whether any of the plurality of detected tachyarrhyth 
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mia events comprise a short interval and generates a count of 
a number of the detected tachyarrhythmia events that com 
prise the short interval, and wherein the processor determines 
the variability in the pressure within the heart if the count is 
greater than or equal to a threshold value. 

28. The system of claim 18, wherein the processor com 
pares the plurality of cardiovascular pressure values to a first 
threshold pressure value, generates a count of a number of 
cardiovascular pressure values that are less than or equal to 
the first threshold pressure value, and analyzes the plurality of 
cardiovascular pressure values if the count is greater than or 
equal to a second threshold value. 

29. The system of claim 18, further comprising a sensing 
module that generates a signal indicative of electrical activity 
within the heart, wherein the processor detects the tach 
yarrhythmia episode based on the signal generated by the 
sensing module. 

30. The system of claim 18, wherein the pressure values 
each comprises at least one or more of a pulse pressure value, 
an average pressure value, a systolic pressure value or a 
diastolic pressure value. 

31. The system of claim 18, wherein the tachyarrhythmia 
episode comprises at least one of a ventricular fibrillation 
episode, a Ventricular tachycardia episode, a fast ventricular 
tachycardia episode or a non-Sustained tachyarrhythmia epi 
sode. 

32. A system comprising: 
means for detecting a tachyarrhythmia episode of a heart of 

a patient, wherein the tachyarrhythmia episode com 
prises a plurality of detected tachyarrhythmia events: 

means for analyzing a plurality of cardiovascular pressure 
values, each of the pressure values associated with a 
respective one of the tachyarrhythmia events; and 

means for generating an indication based on the analysis of 
the plurality of pressure values. 

33. A computer-readable medium comprising instructions 
that cause a programmable processor to: 

detect a tachyarrhythmia episode of a heart of a patient, 
wherein the tachyarrhythmia episode comprises a plu 
rality of detected tachyarrhythmia events: 

analyze a plurality of cardiovascular pressure values, each 
of the pressure values associated with a respective one of 
the tachyarrhythmia events; and 

generate an indication based on the analysis of the plurality 
of pressure values. 


